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THE 


PHYSICAL REVIEW. 


THE VELOCITY OF IONS DRAWN FROM THE ELEC- 
TRIC ARC. SECOND ARTICLE. 


By D. 


A” investigation of the velocity of ions drawn from the electric 

arc has been described ina previous article. Further experi- 
ments on this subject have since been performed and the results may 
be of interest to others. Two methods have been employed to com- 
pare the velocity of the positive and negative ions, one similar to that 
used by Zeleny in his investigation of the velocity of ions produced 
by X-rays,' and one similar to that used by Rutherford in deter- 
mining the velocity of ions produced by ultra-violet light.’ 

Former Mithod gave the Average Velocity.—First of all, it should 
be noticed that the method which has already been used gives the 
average velocity when there are ions present having different veloci- 
ties. The fact that we need to make a distinction between the average 
velocity and the velocity of the more rapidly or more slowly moving 
ions has been emphasized by the work to be described in this article 
and in one to be published later on the discharge from hot wires. 

The discharge carried by ions of one sign only between two infi- 
nite parallel planes has already been considered.’ It was assumed 
in that discussion that all the positive ions had the same velocity. 
It was shown that if there are 7, positive ions per unit volume hav- 

X?—C?* 


ing a velocity of 4, cm. per unit potential gradient, 4, = 


' Phil. Trans. Roy. Soc. Lon., 195, 193. 
2 Proc. Camb. Phil. Soc., 9, 401. 
3Puys. REv., XII., 65. 
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where X is the electric intensity at the point, 7 the current through 
unit cross section, + the distance from the plane at which the ions 
are produced, and C the value of XY where +x is zero. If there is 
an indefinitely large supply of ions at the plane where += 0, C=0 


and £, = ve , where V is the potential difference between the 


plane at which the ions are produced and the point considered. 
If now the current is carried by two kinds of ions, 7, ions having 
a velocity of £,, and each carrying a charge ¢,, and 7, ions having 


a velocity of &, and each a charge of ¢,, we would have 
aX 


It is not possible to eliminate (7,¢, + 7,¢,) between these equations. 
+ 


If, however, we assume K, = ~~ ” we have the same value 
nye, 
for K, as we previously found for #,. If there are several kinds of 
1 P y 1 
ions, we may assume A, = and we have A, = y2_ ce oF 
if C= O, K, = 
gV 


Similarly in the case of discharge between cylinders, if there are 
several kinds of tons, we may make the same assumptions and A, 
would appear in the formula wherever we now have 4,. We may 
call this A, the average velocity. This is evidently what has been 
found by the method already used. It is not necessarily the same 
as that which will be found by other methods. 

First Modification of Zeleny’s Method.—In Zeleny’s method a 
stream of gas is blown between two cylinders and the velocity of the 
ions is determined by a comparison of the distance through which 
the ion is carried by the gas with that through which it is drawn by 
the electric field. His method must be modified because in the 
present case the ions are not produced uniformly in a region be- 
tween the two cylinders, but are all produced at the arc and move 
from there outward. Two modifications are possible. 

Let CC’ and DD’, Fig. 1, be two concentric cylinders insulated 
from each other at ec’. At the center of these two cylinders two 
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carbons are placed with the arc at a. An electrometer is connected 
to CC’. When the air is at rest the ions from a will move across 
to DD’. Ifa blast of air is sent in the direction of the arrow, 
some of the ions will be carried to CC’, provided the potential dif- 
ference is not too great. If the potential difference is sufficiently 
large, the ions may be drawn to DD)’ before 
the current of air can carry them to CC’. ¢ c’ 
It is evident that the greater the velocity of - 
the ions for the same potential gradient, the 
smaller the potential difference necessary to & 


draw them all to DD’. The electrometer “ 


connected to CC’ will indicate whether any ‘ 
ions pass to CC’ or not. 
It is to be noticed that if there are different cies 


kinds of ions present, this method gives us information concerning 
the velocity of the ions moving most slowly. These will be carried 
by the current of air to CC’ while the faster moving ones are 
drawn to DD’. This method will, therefore, only enable us to 
compare the slowest ions of the positive with the slowest of the 
negative discharge. 

Second Modification of Zeleny’s Method.—A second modification 
of Zeleny’s method would be to connect DD’ to the electrometer. 
Then no discharge to DP)’ should occur hen the potential differ- 
ence between A and DD’ is small, since then all of the ions will be 
carried by the currents of air to CC’. If the potential difference 
_ be increased a point should be found where the discharge would 
begin to pass to DD’. 

With such an arrangement a comparison would be made between 
the fastest moving ions, for the slower will at all times be carried 
to CC’. 

Difficulties Met With.— There are some serious difficulties met with 
in attempting to apply the methods thus indicated. The first is due 
to the fact that the inner cylinder is not one having the same poten- 
tial at all points as in the work of Zeleny, but it consists of two car- 
bons with the arc betweenthem. These carbons have quite different 
potentials, and the potential varies in an irregular manner. Experi- 
ments were made with the current passing through the arc in dif- 
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ferent directions, and in this way the endeavor was made to elimi- 
nate to some extent the effect of the variations of the potentials of 
the carbons. 

The second difficulty was due to the fact that the field about 
the arc was greatly affected by the presence of the ions. In 
Zeleny’s work it could be assumed that the ions were not suf- 
ficiently numerous to affect the field, but such an assumption can 
not be made here. The effect which the ions have on the field where 
there are no currents of air has been discussed in a preceding 
article,’ but here the action is much more complicated. In the first 
place the ions all start from a small section of the inner cylinder 
instead of from all points upon it. If A/ were a cylinder having 
the same potential at all points, if there were no currents of air, and 
if the field were not distorted by the presence of ions, the lines of 
force would be perpendicular to A/ and all ions originating at 4 
would move directly across to DY)’. But let a large number of 
ions of one kind be drawn from a. Let these, for example, be posi- 
tive. The region in the immediate neighborhood will contain a posi- 
tive charge and will have a higher potential than the space either 
directly above or directly below it. Lines of force under these 
conditions will radiate in all directions, some of them even extend- 
ing to CC’, so that CC’ may possibly receive a charge from a re- 
gardless of any currents of air. As the potential difference becomes 
larger the charge about a will become greater and more lines of 
force will radiate in all directions and more of the discharge will 
pass to CC’. So that the effect for which we are looking may be 
obscured by this action. The action is still more complicated be- 
cause of the fact that the ions are not only drawn out from the arc 
but are also blown along between the cylinders. 

Another difficulty scarcely less serious is due to the fluctuations 
of the arc. To determine exactly the conditions under which the 
discharge to one of the cylinders ceases, a comparison of rates of 
discharge must be made, and to do this successfully one needs a 
constant excitation of the ions. If between two sets of readings the 
arc itself materially changes the comparison is of little value. Varia- 
tions may be due to convection currents from the arc, to changes in 

Puys. Rev., XII., 137. 
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the position and length of the arc, and to changes in the amount of 
current flowing through it. Asa result it was tound practically 
impossible to secure two sets of readings that were very much 
alike. 

This method, therefore, is of little value as far as absolute values 
of the velocities of the ions are concerned, and yet, as we shall see, 
it gives us some information concerning the relative velocities of 
the positive and negative ions. 

Arrangement of Apparatus.—In the experiment the outer cylinder 
was an iron pipe 4 cm. in diameter inside measure. The inner 
cylinder consisted of the carbons 1 cm. in diameter and the are be- 
tween them. In every case it was possible to have the current pass- 
ing either from A to / or from # to A, and since thé potential 
between the arc and the positive carbon is greater than that between 
the arc and negative one, the field between the carbons on the outer 
cylinder depends on the direction of the current through the arc. 

The air was forced through the cylinders from a gasometer. A 
constant weight was placed upon the gasometer, but no correction 
was made for the different velocities of the air as the gasometer was 
filled to different heights. The air passed into the outer cylinder 
through four openings at the bottom. The cylinders were placed 
vertically and were insulated from the carbons. No attempt was 
made to dry the air. 

The are was grounded by placing a shunt about it and grounding 
this shunt 14 of the way from the negative carbon. The cylinder 
DD’ was maintained at the desired potential by means of a water 
battery. CC’ was connected permanently to the electrometer. It 
was also connected at first to DJ’ and then insulated from it and 
allowed to discharge a given length of time. The amount of dis- 
charge was observed by the electrometer. It was found necessary 
to use the electrometer with different degrees of sensitiveness, but 
the values as given in the table are all reduced to volts. A correc- 
tion was made for unavoidable leakage. The current was always 
passed through the arc so that A was charged oppositely to CC’. 

Data Taken by the First Method.—I\t was found that the rate of 
discharge from CC’ did not become less as the potential differ- 
ence between B and DD’ was made greater even when the velocity 


| 


| 
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of the air sent through the cylinder was small. At first it was 
thought that perhaps convection currents were carrying ions up to 
CC’. The apparatus was accordingly inverted and the air forced 
down against the convection currents. But this produced but 
little difference in the effect. The readings given in Table I. are 
those given with the apparatus thus arranged. 

Column 1 gives the potential difference between the arc and the 
cylinder in volts, column 2 gives the change of CC’ in volts in four 
seconds when the cylinder was charged negatively, and column 3 
when charged positively. In the former case the discharge was 
carried by positive ions, in the latter by negative. The velocity of 
the air is 3.8cm. per second. The distance from a to ee’ was g cm. 


TABLE I. 
Pd and DD’: | + Discharge. | — Discharge. 
40 | 2.4 | LS 
70 | 4.1 4.1 
100 4.7 
150 | 5.4 6.3 


While the discharge does not become smaller as the potential 
difference is increased, the positive discharge does become smaller 
than the negative. This would seem to indicate that even when we 
are dealing with the slower ions, the positive ones move the more 
rapidly. Unfortunately it was found impractical to carry the inves- 
tigation to higher potentials. When such an attempt was made the 
discharge between a and /)/))’ became so great that the water bat- 
tery was not able to keep the potential difference constant and no 
other battery giving a potential sufficiently high was at my command. 
Moreover the ions at a distance from the arc have already been 
studied by Merritt and Stewart.' To carry this part of the investi- 
gation further would be simply to repeat their work. 

In an investigation of which I hope soon to give an account I 
have compared the velocities of the positive and negative ions driven 
from hot platinum wires. I found that while some of the positive 
ions move more rapidly than any of the negative ions, another class 


1Puys. Rev., VII., 141. 
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of positive ions appear to move as slowly or more slowly than any 
of the negative. Though there is no positive evidence in the data 
before us, it would not be surprising if the same were true of the 
discharge from the arc. 

Data Taken by Second Method.—In this method the electrometer 
was connected to DD’ and the endeavor was made to find the 
smallest potential difference at which the-discharge passed to DD’. 
Here only small potential differences were used. _ It was accordingly 
possible to keep the outer cylinder at or near zero potential and to 
vary the potential of the arc by placing a shunt about the storage 
battery which produced the arc and grounding different points on 
the shunt. Under these conditions no leakage occurred for which 
correction should be made and the potential difference between the 
arc and the ground could be determined directly by a voltmeter. 
Here again a shunt was placed about the arc and a point one-fourth 
of the way from the negative carbon was assumed to have the 
potential of the arc. 

But with the smaller potential differences the direction of the cur- 
rent through the arc came to be a matter of importance. Conse- 


II, 
Arc Positive. Arc Negative. 
Current Flowing | Current Flowing Current Flowing || Current Flowing 
from BtoA. from A to B. from B to A. i| from A to B. 

: Def. of | Def. of || | Def. of | 7 Def. of 
Potential | Potential | Potential | Potential . 

43 17.7 38 12.2 43 16.3 40 2.5 
32 13.7 28 9.2 || 33 6.3 28 
20 a7 20 5.7 || 24 2. 15 

10 5.5 10 aS 15 5 


quently in Table II. data are given for the current flowing in both 
ways, both when the discharge was negative and when positive. 
The velocity of the air was the same as in the preceding experi- 
ment. The distance from a to ce’ was 1.4 cm. 

It is possible to construct some kind of an explanation for each 
of the peculiarities of this table, but probably such explanations 
would show more concerning one’s ingenuity in adapting the ionic 
theory to all sorts of results than concerning the relative velocities 
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of the positive and negative ions. Aside, however, from these 
irregularities there is shown a decided tendency for the negative 
discharge to cease before the potential difference becomes zero, or 
before the positive discharge ceases. We are here comparing the 
most rapidly moving ions of the positive discharge with the most 
rapidly moving of the negative. The results indicate that there are 
no negative ions which move as rapidly as some of the positive. 

The work given in Table II. was repeated many times, varying the 
length from @ to the plane ec’ and the velocity of the air currents 
between the cylinders. No results were found which were more 
regular or more consistent than those here given, but they were all 
similar in showing that the negative discharge ceases at higher 
potentials than those at which the positive discharge ceases. 

Third Method.— Another method for comparing the velocity of 
the ions which is entirely different from the preceding is one used 
by Rutherford.' When the arc is produced by an alternating cur- 
rent an alternating potential difference will exist between the are and 
the surrounding cylinder. In sucha case the direction of motion 
of the ions will be periodically reversed. The potential ‘difference 
can, of course, be varied by changing the position of a ground on 
the arc circuit. It can thus be regulated so that the slower mov- 
ing ions will not reach the cylinder before the reversal of the poten- 
tial difference takes place, while the more rapidly moving ones will 
reach it. In such a case the cylinder will acquire a potential similar 
to the charge on the more rapidly moving ion. Thus if the posi- 
tive ions move the more rapidly the surrounding cylinder will be 
charged positively as compared with the arc. 

One must remember, however, that the average potential of the 
arc itself is not zero. Thus if A in Fig. 1 be grounded, there will 
be a large fall of potential between dA and a when the current is 
flowing from | to 4, but a much smaller one when the current is 
flowing in the opposite direction. Thus for example, if A were 
grounded the minimum potential of the arc during the first half of 
the period might be — 30, while during the second half the maxi- 
mum potential would be only + 10, so that the average potential 
would be negative. This statement is true whatever may be the 


correct theory of the arc. 
' Proc. Camb. Phil. Soc., 9, 401. 


. 
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Moreover the average potential of the carbons is zero. If the 
average potential of the carbons were the same as that of the arc, 
correction could be easily made, but with the conditions as they are 
we are not able to say what the combined effect of the are and car- 
bons will be. 

However, it happens that the potential which the cylinder as- 
sumes is not only positive as compared with the average potential 
of the arc, but also as compared with that of the carbons. While 
the irregularities of the potential of the arc hinder us from making 
any quantitive determinations of the velocity of the ions by this 
method, we can make a comparison of the relative velocities. It is 
difficult to see why the cylinder about the arc should become thus 
positively charged, if it is not due to the greater velocity of the 
positive ions. The effect can not be due to ultra-violet light, since 
the cylinder was made of tin and no discharge takes place from tin 
under the action of such light. 

It should be noticed that this method gives us information con- 
cerning the faster moving ions when there are different kinds of ions 
present. If the potential difference between the cylinders and the 
arc be made as small as possible and still have any ions pass to the 
cylinder, the slower ions will not reach the cylinder before the direc- 
tion of motion is reversed. 

The experiment was tried with an arc 2 mm. long through which 
a current was passing of approximately 5.5 ampéres as measured 
by an alternating current ammeter. The average potential of the 
arc when one of the carbons was grounded was found to be — 4.5 
volts. The cylinder about the arc was 9 cm. in diameter and 3 cm. 
in height. There were 260 alternations per second. 

The cylinder became positively charged regardless of the point on 
circuit at which the ground connection was placed. Indeed a shunt 
was placed about the arc and different points on this were grounded 
and yet in every case the cylinder became positively charged. Some 
part of the arc or the adjacent carbons will always have a positive 
potential during at least half of the period and this is sufficient to 
drive positive ions to the cylinder. 

With the ground connection at any point on the shunt the 
cylinder required a potential of about 3 volts. When the ground 
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was shifted to the resistance in series with the arc the potential in- 
creased. When the square root of the mean square of the potential 
difference between the ground and the arc was 85 volts, the cylinder 
acquired a potential of + 5§ volts. 

Cylinders 4.5 cm. and 12.5 cm. in diameter were also tried, and 
they both acquired in every case a positive charge, the smaller one 
acquiring it much more rapidly than the other. The highest poten- 
tial which the smaller cylinder acquired was + 6 volts, the larger 
+ 4 volts. 

Summary.—We have thus compared the velocity of the positive 
and negative ions by four different methods. The first, the one 
described in the preceding article, enables us to compare the average 
velocity of the positive with the average velocity of the negative 
ions. Two of the methods described in this article enable us to 
compare the most rapidly moving of the positive ions with the most 
rapidly moving negative ions, while the fourth gives us a compari- 
son of the slowest ions. In each of the comparisons of the most 
rapidly moving ions and also in the comparison of the average veloci- 
ties, the positive ions were found to have the greater velocity. In 
the comparison of the slowest ions little difference was found be- 
tween the two kinds of ions. 

These results are not in any way surprising. One would have 
every reason to suppose that from anything as heterogenous as the 
ordinary electric arc many different kinds of ions would be produced, 
so that among the positive ions we might find the most rapidly 
moving and also the slowest. In this case the most rapidly mov- 
ing ones appear to affect the average velocity so that it is greater 
than the average negative velocity. This no doubt is as true within 
the arc as about it, so that the potential of the arc may be explained 
in the manner already discussed. 


COLGATE UNIVERSITY, 
December, 1901. 
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ON THE DENSITY AND SURFACE TENSION OF 
LIQUID AIR. 


By Cuas. T. Knipp. 


SIMPLE lecture table experiment shows that the density of 
liquid air when allowed to boil freely increases rapidly. 
Therefore, determinations of its density by ordinary methods will 
give values too great. These values range from that of liquid 
air to approximately that of liquid oxygen, depending upon the 
activity of boiling and the time that has elapsed. 

It was the first intention to confine this paper to the surface ten- 
sion of liquid air, but it became evident that the surface tension too 
would change with age. By constructing a curve showing the 
variation of the surface tension with time for the liquid air contained 
in a given Dewar bulb exposed to constant radiation conditions we 
can approximate to its value when first made. [lowever, in order 
to construct this curve, we must know the variation of the density 
with time under the same conditions. It is for this reason, there- 
fore, that a few observations were made on the density and included 
in this paper. 

Tue Density or Liouip Aik. 

Various methods have been employed by investigators for deter- 
mining the density of liquids at low temperatures. One method,' 
for an approximate determination, is to select some substance that 
will just float in the liquid and then compare the density of this 
with that of water. This method can not be used advantageously 
in determining the variation with age. 

Weighing a sinker in the liquid was also used. This method, 
too, is only approximate since little or nothing is known con- 
cerning the cubical contraction of the sinker at those extremely low 
temperatures. It is a very convenient method, however, for de- 


1H. Moissan and J. Dewar, C. R., 125, pp. 505-511, 1°97. 
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termining the variation of the density with time, and was therefore 
employed. 

The liquid air was placed in a Dewar vacuum bulb of about 
three quarts capacity. The bulb was about half full to begin with. 
Two glass sinkers were used. The age of the liquid air at the time 
of weighing was noted. It was assumed that the coefficient of ex- 
pansion of glass holds at the temperature of liquid air. Upon this 
assumption the formula! for the density becomes, 

W’) 
in which, 
V = volume at 7° C. 
1’ = volume at — 191° C. 
W = weight of sinker in air. 
W’ = weight of sinker in water at 7°. 
W"’ = weight of sinker in liquid air. 
y = density of water. 
0 = density of sinker at 7°. 
0’ = density of sinker at — 191°. 
o = density of air at 7°. 

For the sake of comparison all of the data are given in the fol- 

lowing table : 


TABLE I. 
Sinker. No.1 No.1 No. 2 No 2 No.1 
July. 22d. 1gth. 22d. 22d. 22d. 
Age of Liquid Air. 30 min. 35 min. 40 min. 180 min. 190 min. 

V .724 .724 S277 $277 .724 
.7204 .7204 .5252 .5252 .7204 
w 1.7986 1.7989 1.3036 1.3033 1.7986 
zw’ 1.0769 1.0777 .7809 .7809 1.0769 
zw” 1.1068 1.0985 .7955 .7510 1.023 
p .998 
é 2.4856 2.4856 2.4834 2.4839 | 2.4856 
2.4908 2.4968 2.495 2.495 2.4968 
.0012 

Density. 957 9713 .9744 | 1.0594 | 1.075 


'Stewart and Gee, Lab. Man., Vol. 1., p. 139. 
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In Fig. 1 densities are plotted as ordinates, and time in minutes 
as abscissas. It is unfortunate that more values for the density 
were not obtained, though I think that those given will suffice. 
From the curve we infer that the density when first made is be- 
tween .93 and .g4.  Olszewiski' obtained 1.124 and .885 as the 
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Fig, 1. 

densities of liquid oxygen and liquid nitrogen respectively. These 
values give .932 as the density of liquid air. In 1895 Dewar? ob- 
tained for the above liquids 1.1375 and .85 respectively, and for 
liquid air .gt. He weighed a large number of substances of known 
specific gravities in the liquids, making corrections for the contrac- 
tion of the solids. 

As time elapses the nitrogen boils away and the density ap- 
proaches that of oxygen. The curve is asymptotic to an ordinate 


that represents the density of oxygen.’ 


THe SurFACE TENSION OF LiguID AIR. 

In the work on the surface tension of liquid air the same Dewar 
bulb was employed. Capillary tubes were first used in the usual 
manner. The angle of contact was taken as zero, There are 
several objections to their use, namely : 

1. It is almost impossible to read the liquid surface, because of 
the slight agitation due to boiling. 

2. Distortion due to the walls of the bulb. 

3. The meniscus was continually changing its position due to 
evaporation, because its position above the liquid surface unduly 
exposed it. 


1 Wied. Ann.. 31, p. 58, 1886. 

2 Proc. Roy. Inst., 15, p. 133. 

3]. Drugman and W. Ramsay, Chem. Soc., Journ., 77 and 78, pp. 1228-1233, Nov , 
1900. 
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The following data were obtained with the five tubes employed : 
Tasce II. 
July 16th. Age of liquid air approx. 140 min. p= 1.05. 
No. of Tube. . | Diameter of Tube. 7 in Seecaget on. 
097 cm. 1. 
2 066 12.18 
3 se  * 10.59 
4 0625 « | 9.87 
5 -1015 8.08 
A This result is somewhat less than that found by 
Forsch,' who gives for the surface tension by this 
method, after much of the nitrogen had evaporated, 
= 12 dynes per cm. 
; In order to read the liquid level more accurately 
4 the capillary tube was slightly modified. The lower 
end of the tube was bent upward and cut off square 
at a, Fig. 2. The cathetometer was dispensed with 
| and a thermometer stem used as a scale instead. 
| 3 This enabled the liquid level a to be accurately read 
| 4 (to within the errors of direct vision through the walls 
| of the bulb). The meniscus at 6 was read three or 
| 3-~® four times and the mean taken. The values shown in 
_}|....q@ table III were obtained : 
Y One more modification was made, and that was to 


jacket the capillary tubes. This is shown in Fig. 3. 


Fig. 2 The opening a in the jacket enabled the same to be 
Taste III. 
July 11th. Age of liquid air approx. 260 min. p=1.1. 
No. of Tube. Diameter of Tube. | * Tin Dynes per cm. 
1 | .0847 cm. | 12.53 
2 | .0487 10.14 
3 | 0485 | 12.72 
4 = * 10.34 
5 me « 9.32 
Average, 11.28 


! Phys. Zeitschr., I., p. 177, Jan. 13, goo. 
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filled by merely lowering the system into the liquid. The menis- 
cus remained steady. Three tubes were employed. It was a 


directly at the meniscus ; however, this was VIC 


little more difficult to cut the capillary tubes 


overcome by reading the position of a file 
mark on the capillary tube. 

From the data contained in the above three 
tables we see that the surface tension in- | 
creases as the liquid air becomes poorer in adi 
nitrogen. However, little confidence can be | 
put in the results, because of the crude me- 


thods employed. 


LICUIO AIR 
A much more satisfactory method, one free —_ 
from the above troublesome features, is the Fig. 3. 
maximum weight method first suggested by Hall,' and later im- 
proved by Foley.” Mica frames, varying in length rom 2 cm. to 6 


IV. 
July 22d. Age of liquid air approx. 75 min. p=1. 


No. of Tube. | Diameter of Tube. | 7 in Dynes per cm. 
1 | 079 cm. | 9.90 
2 | 10.91 
3 .081 ** 9.93 
Average, 10.24 


cm., were used. These frames were supported by a single silk fiber 
at least 60 cm. long, thus guarding against any temperature 
change in the balance arms. Fig. 4 shows the manner in which 
the frames were used. By means of a copper wire stirrup s the 
frame mx was hung with its lower edge horizontal. The silk fiber 
that supported the stirrup and frame was so small that no ap- 
preciable amount of frozen moisture collected on it. The large 
Dewar bulb was used. The 6 cm. frames, because of their length, 
had to be lowered into the bulb endwise and hooked to the stirrup 
afterwards. The formula for these particular mica frames is, 


1Phil. Mag., V., 36, p. 402, Nov., 1893. 
2Puys. Rev., Vol. 3, No. 17, pp. 381-386, 1896. 
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W ol? /t 


in which 
wz’ = net maximum weight. 
/= length of frame. 

¢ = thickness of frame. 

» = density of liquid. 

¢ = force of gravity. 


Observations with mica frames were made on three different days. 
The liquid air was run off in the morning. All measurements 
were made in the three quart bulb. This bulb had no mercury in 
the vacuum chamber. Carbonic acid snow and frozen moisture 


\ 
A 
BASE OF BALAN“E. 
Tab Top 


60 CM, | 


Fig. 4. 


were removed by filtering the liquid through ordinary filter paper. 
The age of the liquid air includes the average age while it was being 
made, 7. ¢., if it took 30 minutes to run off a certain quantity of 
the liquid its age at the end of the 30 minutes was taken as 15 
minutes. 

Table V. contains the data obtained for one sample of liquid air 
for a number of mica frames. No difficulty at all was experienced 
in getting the values for w, in fact, by this method the data were as 
easily collected as when working with water. 
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TABLE V. 
August 12th, 

.0454 2.02 .00283 1.026 115 10.78 
04825 1.952 .00263 1.038 135 11.91 
.05068 1.974 .00276 1.045 145 12.38 
.04875 1.974 .00276 1.09 240 12.59 
.05248 2.02 .00283 1.099 265 12.45 
0518 1.952 .00263 1.104 280 12.79 
.05228 1.952 .00263 1.108 295 12.91 
.06964 2.572 .0026 1.116 320 13.05 
18516 6.65 .0035 1.124 352 13.34 
.18284 6.65 .0035 1.1245 370 13.17 
.18376 6.65 .0035 1.127 385 «13.23 
.07502 2.732 .00336 1.13 410 13.18 
.07534 2.714 .00303 1.131 450 13.35 


Table VI. represents three observations on a sample of liquid air 
that was originally placed in a small Dewar bulb containing mer- 
cury in the vacuum chamber. Cotton waste was placed in the 
mouth of the bulb, and the whole wrapped in a cloth. About four 
hours afterwards the liquid was filtered into the large bulb, and the 
following data taken : 


TABLE VI. 
August 

Ww t p Age. | 
.04796 2.02 -00283 1.037 133 11.42 
.0491 1.974 .00276 1.047 150 11.98 
.0497 1.952 -00263 1.053 160 12.07 


In Table VII. is contained, with one exception, the data for one 
frame. This run was made especially with reference to the varia- 
tion of the surface tension with time, and in many respects it is the 
most reliable of all. One half gallon of the liquid was filtered into 
the large bulb. When the last measurement was made the liquid 
was nearly all gone—scarcely enough to wet the lower edge of the 
frame. 

The data contained in the above three tables are represented graph- 
ically in Fig. 5. In order that the values given in Table VI. come 
on the curve as located by the data in Tables V. and VII. the age 
had to be halved. This shows that the mercury mirror and the 
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‘TaBLe VII. 
August 15th. 


1526 | 6.646 00243 995 67 
.15684 | 6.63 004 112 | 11.28 
1666 a. 21065 182 12.00 
1739 |“ 1083 12.53 
.1777 109 257, | «12.96 
1806 1.103 274 13.01 
1821 1.108 294 13.12 
1846 324 (13.30 
1847 | | 340 13.31 


other precautions taken to prevent evaporation add much to the 
life of the liquid. 
The curve also shows that, for the large bulb, the surface tension 
tends toward a constant at an age of from 300 to 350 minutes. 
The fact that the surface tension becomes constant is a further 
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indication that the upper part of the density curve given in Fig. 1 
is correct. 

We would also infer from the curve that the surface tension of 
liquid air when first made is between g and Io dynes per centimeter. 

In conclusion I wish to thank Dr. E. L. Nichols for the courte- 
sies of the department, also Dr. A. L. Foley for the die which he 
kindly sent me with which to cut the mica frames. 

Since the above was put in type an article by L. Grunmach (Ann. 
d. Phys., No. 11, p. 559, 1901) on the “ Surface Tension of Liquid 
Air” has come to my notice, in which he used the method of capil- 
lary ripples. 


PHYSICAL LABORATORY, CORNELL UNIVERSITY, 
August, 
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CRYSTALLIZATION UNDER ELECTROSTATIC STRESS. 


By Paut R. HeEYL. 


HE thought underlying these experiments was that if crystals 
were allowed to form from solutions subjected to strong and 
intermittent electrostatic stress the crystals might, when large enough 
to be observed, bear some birthmarks which might be interesting or 
possibly valuable. A change in the interfacial angles seemed the 
most likely effect, and an alteration of density was deemed possible. 
Both these effects were looked for, and a salt sensitive to slight 
mechanical disturbances (HgI,) was employed as an indicator ; but 
no effect was found. 

The method of procedure was as follows: a shallow glass crys- 
tallizing dish some 8 cm. in diameter, with a flat bottom, was placed 
upon a sheet of tinfoil. Within this, raised about 0.5 cm. from the 
bottom, was a similar but smaller dish. This second dish was sup- 
ported in some cases by a wire twisted around its upper part, and in 
some cases by resting on a bent glass rod laid in the larger dish. 
The inside of the bottom of the smaller dish was coated with tinfoil. 
The two tinfoil sheets were connected to the knobs of an influence 
machine or to the secondary terminals of an induction coil. The 
solution under experiment was poured between the dishes after the 
electrostatic stress had been started. 

Two solutions were used, viz., sulphur in carbon disulphide, 
allowed to evaporate spontaneously, and hot saturated solutions of 
Hg], in alcohol. 

SULPHUR IN CARBON DISULPHIDE. 


Four lots of crystals are to be mentioned. Lots A and D were 
produced without electrostatic stress ; lot B, under the stress pro- 
duced by an induction coil giving a spark 0.2 cm. long; lot C, 
under the stress produced by an influence machine set for a spark 
1 cm. long. With lot C, in the earlier stages of the crystallization, 
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sparks passed between the knobs of the machine from two to five 
times a second ; but later, when the level of the solution had fallen 
so as not to touch the upper dish, sparks passed but rarely. The 
solution was violently agitated by electrification, and the crystals 
rose and fell constantly between the dishes. Owing to this agita- 
tion the crystals were much smaller than those of any of the other 
lots. In lot B the stress was so rapidly intermittent that the solu- 
tion remained quiet. 

The octahedron to which the sulphur crystals approximate has 
theoretically but three different dihedral angles, marked 4, ,3, 7 in 
Fig. 1. This notation is used in the following tables of observed 
angles. Each angle given in the tables is the mean of five or more 

observations, made by the reflection method, using 

a spectrometer reading to single minutes. The 

8 figure in parenthesis after each angle represents the 

number of minutes by which the given mean differs 

from the most widely divergent single observation ; 

a number which, roughly speaking, varies inversely 

with the polish of the faces forming the angle. 

For our purposes this number will be more useful 

Fig. 1. than the much smaller ‘ probable error,’’ which 

averages less than one minute for all the angles given. 

The two angles 7 (Fig. 1) should, geometrically, be equal. It 

was not always possible to measure both angles in every crystal, 


Crystal. | a B Y 


1A 85° 8 (2) 106°53’ (3) 
2A 85 0 (3) 106 18 (2) 143° 9’ (7) 143° 16% (3) 
3A 84 50 (12) 106 35 (4) 
4A 143 15 (3) 
5A 85 8 (5) 106 39 (6) 
6A 85 11 (8) 105 53 (1) 143 9 (3) 143 2 (9) 
7A 106 52 (4) 
8A 85 4 (5) 106 43 (4) 143 34 (3) 
9A 85 15 (2) 106 12 (2) 142 56 (4) 
10A 85 5 (7) ' 106 24 (4) 142 46 (1) 
11A | 85 4 (1) 106 33 (4) 
Mean | 85 5 106 30 143 8 
Average depar | 5 15 0 
| 


ture from mean. 
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Crystal. a B | Y 
1B 106°38’ (7) 143°17’ (3) 
2B 85° 1’ (4) 106 42 (5) 143. 2 (6) 143°277 (3) 
3b 85 34 (3) 106 8 (4) 
4B 85 19 (6) 106 9 (2) 142 48 (5) 144 17 (3) 
5B 85 22 (4) 106 11 (3) 
6b 84 26 (1) 142 6 (3) 143 27 (4) 
7B 85 1 (4) 106 31 (2) 143 22 (6) 143 11 (3) 
8b 84 48 (4) 106 24 (2) 142 58 (2) 
91 106 30 (2) 
101 85 30 (2) 106 39 (1) 143 35 (3) 
11B 85 8 (4) 143 42 (3) 
12B 85 47 (4) 105 39 (4) 144 49 (3) 
13B 85 25 (6) 143 57 (3) 
Mean 85 13 106 21 | 143 26 
Average 
18 16 28” 
83°19” (1) 106°32’ (3) 
2C 85 20 (3) 106 32 (3) | 
3c 143°20/ (2) 
4C 85 23 (2) 106 17. (2) 
5C 85 16 (3) 
6C 85 16 (4) 106 43 (2) 142 33 (3) 
IC 106 21 (6) = 143 56 (5) 
8C 85 27 (2) 106 26 (3) 143 22 (2) 143°15/ (2) 
9C 84 56 (2) 143 26 (3) 
Mean 85 0 106 28 143 19 
Average 30’ 7 16 


departure. 


but where possible it was done, and two values are given in the 7 
column. The ‘‘average departure from the mean”’ does not refer 
to the figures in parenthesis, but measures the variability of that 
angle among all the crystals. 

The first point to be noticed is the variability of the angles. This 
cannot be ascribed to electrostatic stress, as it appears in lot A. 
That it is a fact, and is not due to experimental errors, is seen by 
considering the measures of precision. For instance, the angle /, 
crystal 6A, was the most perfect of all the angles measured. It is 
possible, though hardly probable, that its value may be as great as 
105°54’ or as small as 105°52’. Especial care was taken with 
this angle to make sure that the number of degrees was correctly 
read. To insure this, readings were taken at different places on the 
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scale. Now compare this with the angle f of crystal 7A. It is 
possible, though not probable, that this latter angle may be as small 
as 106°48’. The discrepancy here is greater than experimental 
error can account for, and other instances of a similar kind are to be 
found in the tables. This variability of angle is doubtless to be as- 
cribed to the rapidity with which the crystals were formed. The 
month was July, and the carbon disulphide evaporated spontaneously 
in from forty-five minutes to an hour and a half. Again, in lot C, 
the mechanical agitation of the solution, previously alluded to, may 
have had such an effect. 

Nor does it certainly appear that this variability is either increased 
or diminished by the electrostatic stress. With the electric crystals 
the average departure from the mean is in some cases increased, in 
some diminished, as the stress is increased ; and the change in vari- 
ability is of the same order as the variations among individual crys- 
tals, so that it may be considered fortuitous. 

A large number of small crystals formed under the stress of the 
influence machine were examined under a low power microscope, but 
no particular peculiarity of shape was evident. There was a rather 
frequent truncation of the upper and lower terminal points of the 
octahedron, but this is not unknown in crystals normally produced. 

The density of the crystals was determined by the specific gravity 
bottle. The crystals were dried on a water-bath until they ceased 
to lose weight ; the distilled water used was freshly boiled; the air 
pump was used to eliminate bubbles; and the temperature of the 
water was read to 0.1° as soon as equilibrium was attained, before 
even the weights were counted. The following values were obtained : 


Lot A, Ordinary. Lot D, Ordinary. 
2.036 24.5° 2.059 33.8° 
2.030 25.2 2.059 33.4 
2.035 25.7 2.058 33.0 
2.034 2.059 
Lot B, Electric. Lot C, Electric. 
2.048 27.6° 2.051 25.0° 
2.052 27.7 2.039 27.9 
2.041 28.0 
2.050 
2.039 28.2 


2.043 
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The usually accepted value for octahedral sulphur is 2.05. It 
will be noticed that one of the ordinary lots (A) departs more from 
this value than either of the electric lots. The inference is obvious ; 
electrostatic stress produces no effect on the density. The volume- 
expansion of sulphur, as given by Kopp, is so nearly that of water 
that the temperature reductions could not affect the second decimal 
place, and may be neglected in comparison with the error intro- 
duced by the retention of air-bubbles ; for to this source must be 
ascribed the above differences. Crystals that are smooth and well 
finished, as were those of lot D, yield up their air-bubbles readily 
in vacuo; but lots of a poorer quality, as was lot A, retain air in 
their crevices with the greatest tenacity, and the air pump is not 
adequate to remove the last traces. Frequently, after half an hour’s 
pumping, small bubbles could be seen in the mass which no shak- 
ing could dislodge, and which did not shrink into invisibility on ad- 
mitting the air. Several lots of crystals had to be discarded as 
worthless on this account. An attempt was made to use the crys- 
tals powdered, but such is the reluctance of powdered sulphur to 
being wet that the difficulty was increased many-fold. 

If it be asked why the crystal angles were measured in lot A 
rather than in lot D, the answer is that lot A was formed under 
conditions of disturbance which more closely resembled those un- 
der which the electric crystals were formed. The solution was 
exposed to the air of a warm room, and the rapid evaporation kept 
the crystals continually in motion in their earlier stages ; while so- 
lution D was shut up in a fume chamber, where the evaporation 
was much more prolonged and quiet. 


Mercuric lopipe. 

This salt was used simply as a delicate qualitative detector. 
Below 150° it forms red octrahedra; above 150°, yellow needles. 
From hot alcohol it crystallizes, though much below 150°, in the 
yellow form, whichis so unstable at that temperature that on press- 
ing the crystals under a glass rod, shaking the solution, or even 
allowing the crystals to stand quietly in the mother-liquor, they 
change into the red variety. It was hoped that electrostatic stress 
would shake the nascent crystals sufficiently to cause them to 
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assume the red form from the beginning, but under a 1 cm. spark 
from an influence machine the salt crystallized from the solvent 
mentioned in the yellow form. 

As far as the examination has gone the conclusion is negative : 
that electrostatic stress does not affect crystallization. This conclu- 
sion may also be stated positively : any molecular forces called into 
play in a solution under electrostatic stress are not comparable with 
the forces of crystalline attraction. 


Boys’ HIGH SCHOOL, READING, PA. 
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SOME EXPERIMENTS ON THE BEHAVIOR OF 
DIELECTRICS WHEN SUBJECTED TO 
HIGH POTENTIALS. 


By JOHN SANFORD SHEARER. 


NE of the principal! difficulties in the experimental study of the 
effects of high electrical potentials has been the erratic be- 
havior of electrostatic machines. The transformer is available for 
the production of alternating electromotive forces; but in the pro- 
duction of unidirectional pressures we have hitherto been compelled 
to rely on various types of friction or induction machines. A\ll of 
these are more or less fragile, and peculiarly subject to atmospheric 
influences, so that it is well-nigh impossible to carry on continuous 
work with them. The rise of potential after discharge is also more 
or less irregular, and one can never be quite sure what the actual 
conditions are likely to be. In general, no considerable amount of 
electric power is developed by such machines, and long sparks are 
lacking in volume even when working under favorable conditions. 
The use of a great number of storage cells by Professor Trow- 
bridge, by means of which a set of condensers were charged in 
multiple, and then discharged in serics, marked a distinct advance 
in this line of work. The expense of installation of such a plant is, 
however, for most experimenters almost prohibitive. The care of 
such a set of cells must also be exceedingly vexatious ; while the 
discharges produced per second are of necessity few. 

An application of a similar principle was made by Professor Elihu 
Thomson in his dynamo-static machine. In this case the con- 
densers were charged in multiple from a high tension transformer, 
contact being made for a portion of the wave only. The conden- 
sers were then discharged in series, thus multiplying the potential 
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of the transformer by the number of plates used. The charging 
and discharging device consisted of a rotating spindle carrying suit- 
able projections passing near curved wires, the latter being attached 
to the plates. The spindle was driven by the generator that sup- 
plied current to the transformer. By this means the time of con- 
tact could be controlled; and whatever variations of speed might 
occur in the generator were synchronous with the changes in the 
speed of the spindle. Through the kindness of Professor Thom- 
son, the writer was enabled to build a similar machine for use in the 
present investigation. 

The generator used was a one-horse-power, 500-volt, direct-cur- 
rent motor, with a speed of 1,800 revolutions per minute. A pair 
of slip rings were attached to the armature shaft, and connected to 
opposite armature segments ; the small motor then acted as a rotary 
converter and gave an effective E.M.F. of approximately 350 
volts. It was found by trial that the self-induction of the armature 
was sufficiently low so that an alternating current of 1.8 ampéres 
could be drawn from the slip rings. This alternating current 
passed through a transformer having 800 turns in the primary and 
48,000 turns in the secondary, thus giving a maximum pressure of 
30,000 volts. It was found expedient, however, to operate with a 
maximum pressure of 22,000 volts. As the secondary was wound 
in twelve separate coils, any E.M.F. from 2,500 to 30,000 could 
be readily obtained. 

To one end of the armature shaft was attached a gear wheel ar- 
ranged so as to give the spindle a speed of rotation equal to one- 
half that of the armature. 

Eighteen condenser plates consisting of tin foil on glass were used 
as condensers. The dimensions of the coatings were 20 by 25 centi- 
meters, the thickness of the glass about 2 millimeters. Brass blocks 
were soldered to the tin foil, and aluminum wires were inserted in 
the blocks and fastened by means af set screws. These wires, prop- 
erly curved, were placed close to the path of the projecting wires 
on the rotating spindle, actual contact not being necessary because 
of the high potential of the transformer. The length of the wire 
arcs was chosen so that charging could take place during one-half 
of each alternate crest in the same direction. 
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The average charging potential in this case is nearly go per cent. 
of the maximum, and the time allowed for charging the condenser 
was .0139 second. 

In order to protect the motor from dangerous sparks, the spindle 
was made somewhat longer than was otherwise necessary, and all 
parts were covered with several coats of shellac. Considerable 
trouble was experienced at first because of the tendency of charges to 
strike back to the terminals of the secondary, a slight puncture of 
the insulation being followed by the transformer current and thus in- 
juring the coil. To avoid this, the transformer leads were carried, 
carefully insulated, into two deep grooves in a cylinder fitted to the 
end of the spindle ; and as a further protection a lightning arrester 
was placed across the terminals of the secondary. A high tension 
discharge would then be forced by the self induction of the second- 
ary across the arrester, and the arc produced by the transformer 
current would either break down by reason of convection, or suf- 
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ficient current would be drawn through the motor to throw a small 
circuit breaker adjusted for two ampéres. Most of these difficulties 
could be avoided by the use of an oil insulated transformer and a 
driving device which would serve to insulate the motor from the 
high tension portion of the appayatus. The details have since been 
worked out by Prof. Thomson, and embodied in the machine re- 
cently exhibited at the Conversazione of the American Institute of 
Electrical Engineers in New York. 

The machine may be readily used to charge Leyden jars, but 
it is necessary to avoid the back pressure during the multiple con- 
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nection, as otherwise the series E.M.F. of the condenser would 
be opposed to the E.M.F. used in charging, and might easily rup- 
ture the secondary. <A spark length greater than the striking dis- 
tance of the transformer may be inserted in series with the jars, or 
better, a rotating connector at the end of the spindle may be used 
so that connection with the batteries is only made when the con- 
densers of the machine are connected in series. 

Such a machine affords a source of high potential entirely inde- 
pendent of the weather or of any surrounding conditions. It re- 
quires only a source of direct current, and no operation other than 
turning a switch is necessary for starting. The generator may be 
driven by power as an alternating generator with the same results. 

The length of spark in the present machine may vary from a 
fraction of a centimeter to 35 centimeters. A battery of 18 two- 
quart Leyden jars may be charged to overflowing in from 4 to 5 
seconds. The discharge is extremely sharp, and resembles in many 
ways miniature lightning discharges. 

Blocks of white pine placed between the discharging terminals, 
with the grain parallel to the lines of force could be readily lighted 
up by the discharge, while slivers of considerable length were often 
torn off. The variation of the resistance of wood along and across 
the grain was shown in a rather striking manner by using wooden 
terminals instead of metal. When the grain ran perpendicular to 
the lines of discharge the sparks came out of the wood along the 
grain and then across the air path. 

An estimate of the potential actually developed may be reached 
by the use of discharges between needle points. It was found that 
the mean spark length, between bright steel needle points, was 3.7 
centimeters for a single condenser plate. According to the ordinarily 
accepted values for spark potentials this means approximately 12,- 
000 volts per plate, showing, as was to be expected, that the 
potential acquired by the plates was considerably below the aver- 
age charging potential during contact. This is doubtless explained 
in part by the large capacity of the condensers, and by the fact 
that the resistance of the air gaps is considerable. Measurements 
were made with balls 2 centimeters in diameter with similar 


results. 
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The potential when the 18 plates are discharged in series would 
then be 216,000 volts, approximately. No method of conveniently 
measuring the potential, other than that just mentioned, was at hand. 
The agreement, however, between the measurements for the indi- 
vidual plates, and the fact that the striking distance directly across 
the transformer terminals was found to be almost exactly that com- 
puted from the ratio of transformation, indicate that the results are 
fairly accurate. 

When connected so as to charge a large battery of Leyden jars, 
in shunt with which was placed a spark gap with bright needle 
points, a very steady glow discharge could be maintained. This 
suggested the possibility of measuring the current of such a dis- 
charge. A series of readings with a tangent galvanometer gave for 
the current the approximate value of 107.10~° ampéres for a four- 


inch air gap, and 200.10~° 


for a two-inch air gap. The difficulty 
of measurement lay principally in the accumulation of static charges 
on the magnet ; but by discharging after each reading, and protect- 
ing from such effect as far as possible, reasonably good readings 
were obtained. 
The following summary of dimensions and data concerning the 

apparatus may be of interest : 

Number of turns in primary, 800. 

Number of turns in secondary, 4,000 per coil. 

Number of coils in use on secondary, 9. 

Number of turns in actual use, 3,600. 

Ratio of transformation 45. 

Maximum primary pressure, 500 volts. 

Maximum secondary pressure 22,500 volts. 

Primary current, 2 amperes, nearly. 

Secondary current, .044 ampére. 


The mean charging potential may be deduced from the alternating 
E.M.F. wave as follows, assuming the latter to be a sine function : 
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when maximum ordinate = I ; 


Mean value of ordinate = the = — .go 


2 


or the mean value of the ordinate between «1 and ) taken symmetri- 
cally about the maximum = go per cent. of the maximum. 

When / = £, sin ft, mean value = .go £, or mean charging po- 
tential is nearly 90 per cent. of maximum potential difference at the 
terminals of the transformer ; 7. ¢., 22,500 X .gO = 20,250 or about 
20,000. 

The total capacity of the 18 plates was approximately 127.10 
farads. When charged to 12,000 volts the quantity would be 
15.10-° coulombs. The time allowed for charging was .0139 
second, giving for a mean charging current .o108 ampére. The 
current output then was one-eighth of this or .0013 ampere. This 
mean output could be doubled by driving the spindle at the same 
rate as the armature, in which case the length of the charging arcs 
should be doubled. 

Fig. 1 shows the general connections of the machine. AZ is the 


rotating spindle at time of charging the condensers. A’S’ indicates 
the connections after the spindle has rotated 180°, when condensers 
are discharged. 

Il. 


Among the unsettled questions in electrostatic theory is the rela- 
tion between electrostatic strain and mechanical deformation of the 
dielectric. Ever since Faraday directed the attention of physicists 
to the influence of the medium separating two charged bodies upon 
the electric phenomena observed, the question of the real relation 
of the medium, whether visible or invisible, to the various phenomena 
involved has been a subject of widespread interest, and of elaborate 
theoretical and experimental investigations. 

In the theoretical development, the equations derived by Maxwell 
for the energy per unit volume in the dielectric and its rate of change 
during redistributions of magnetic or electrical quantities, and the 
interpretation of electrostatic strain along and perpendicular to lines 
of force have been the subject of endless discussion. 
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Exactly what Maxwell meant by polarization, or what relation 
this polarization has, if it exists, to the various physical properties 
of the medium, is a question which may, perhaps, never be settled. 
Yet its suggestiveness in many ways, and its capability of interpre- 
tation in accordance with the various mechanical pictures which 
have been devised as aids to a clearer comprehension of the phe- 
nomena, make any attempt in this direction a matter of extreme 
interest. 

Since mechanical force is brought into play by electric charges, 
and a non-conductor subjected to electrostatic stress may be rup- 
tured, it seems at first sight natural to suppose that changes of vol- 
ume and dimensions might be produced by such means. This 
question of the change of size and form of a solid or liquid separat- 
ing two electrical charges has been investigated with considerable 
care by various observers, among whom may be mentioned Duter, 
Righi, Quincke, Korteweg, Julius, Cantone and others, with a great 
variety of results. 

The work of many of these is undoubtedly subject to considerable 
criticism, partly because the precautions necessary to avoid serious 
error were underestimated, and partly because the means at hand for 
the measurement of small changes were sometimes inadequate. 

In order to clearly understand the difficulties involved in an in- 
vestigation of this kind, it may be well to call attention at once to 
the fact that the change predicted by the theoretical physicists is in 
all cases extremely small, and that unfortunately in the one case 
really open for experimental investigation, most of the errors due to 
various outside causes tend to produce a change in the direction 
expected. For example, according to the theory most generally 
accepted, there should be an elongation of the dielectric at right 
angles to the electrostatic strain, and this should be accompanied 
in most cases by a variation of volume. Any variation in the 
shape of the dielectric has a tendency to affect the measurements in 
the same way as a real change of length ; and it is well known that 
variations of temperature so small as to be difficult to guard against, 
and which are perhaps altogether too small to measure, may pro- 
duce an elongation of nearly the same order of magnitude as that 
which would be called for by these electrostatic theories. Also in 
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case conducting plates are used, with opposite charges in contact 
with the surfaces of the solid, the mechanical compression would 
tend to produce an elongation perpendicular to the lines of force. 
Where changes of volume have been used to deduce the various re- 
sults, it is a significant fact that those receptacles which, in all prob- 
ability, would be most likely to suffer a change of shape have been 
those giving the greatest variation in volume. 

The history of the subject, together with a brief resume of the 
principal experimental results, as well as a development of the 
theoretical side from a thermodynamical standpoint will be found in 
an excellent article by Sacerdote. It may be of interest, however, 
to give here a brief review of the previous experimental work, and 
to attempt to discover the real facts or assumptions upon which 
theoretical conclusions are based. 

The first observations upon the expansion of dielectrics were 
made by Fontana in 1786. He believed that the volume of a 
Leyden jar was increased by charging. Govi in 1864 made the 
first observation with a thermometer tube and was concerned prin- 
cipally with the variation of volume of the cavity containing the 
conducting fluid. 

Duter, in 1878, published the results of a series of experiments 
with a double bottle made by sealing one glass bulb within another. 
From each of these a capillary tube projected. Any change in the 
volume of either liquid due to electrification would be indicated by 
a rise or fall of the surface of the liquid in one or both of these 
tubes. The results obtained by this method can hardly be con- 
sidered as quantitatively exact, but they appear to indicate an effect 
varying with the square of the difference of potential, and inversely 
as the thickness of the dielectric. The curve (/), Fig. 3, gives an 
idea of the magnitude of the observed effects. It is to be noted that 
the thickness of the glass was small, and in vessels of this kind it 
can hardly be supposed that the thickness could in any sense be 
considered as uniform. 

In 1879, M. Righi published a paper concerning the dilatation of 
dielectrics used in cylindrical condensers. A long glass tube was 
rigidly fastened near the upper extremity, while the lower end 
pressed against a spring to which was attached a mirror. In this 
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way an extremely sensitive optical lever was produced, and varia- 
tions in the condenser tube would produce deflections of a spot of 
light with considerable magnification. The condenser plates were 
attached to the conductors of a Holtz machine, and the potential 
difference required was measured directly by an electrometer of his 
own design. He used tubes of glass about 75 cm. in length, but of 
considerable thickness as compared with the bottles used by Duter, 
varying from 1.3 to 1.6mm. He summarized his results as follows : 

‘‘We may conclude from the preceding results that a tube of 
glass 1 m. long and 1 mm. thick, charged to a difference of poten- 
tial corresponding toa cm. spark length between brass balls 1.5 cm. 
in diameter, will increase in length 2 microns.” 

The first observations by Quincke were published in 1880, and 
contained an elaborate series of measurements with thermometer 
tubes. He worked principally with two classes of material; one an 
English flint glass, and the other Thuringian glass. In a second 
series of experiments Quincke investigated the change of length of 
cylindrical glass tubes, using for this purpose small tubes from 1 to 
1.g meters in length. These tubes were silvered on the inside and 
were usually immersed in a fluid conductor for the external dielectric 
Changes in length were measured by Oertling’s lever ; the length. 
for a range of 18 mm. being measured with an exactness of .0004 
mm. The details of these measurements may be found in Wied. 
Ann., Vol. 246, pp. 334 to 378. After the discharge of the Ley- 
den jars, both the flint and the Thuringian glass retained a slight 
elongation which in general was greater when the original stretch 
was greater. With the flint glass this amounted from one to two 
millionths of the original length. One point of interest in con- 
nection with Quincke’s work relates to the puncture of glass by 
electrical tension. He attributes this not to the heat produced by 
the current through the dielectric, but rather to the unequal me- 
chanical strain upon the glass produced by electrification. It should 
be observed that there was a considerable discrepancy in the results 
which he obtained under apparently similar conditions, and in those 
where the variation of thickness of the dielectric was found to be 
considerable, changes much more marked were found than in other 
cases. In fact, he constructed an electrometer by using a thin tube 
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of glass, the wall being much thinner on one side than on the 
other: when used as the dielectric of a condenser the tube was dis- 
torted upon charging, the displacement of the lower extremity be- 
ing often several mm. 

Quincke’s measurements were carried out with great care, the 
capacity of condensers was measured, and a careful determination of 
the potentials was made, both by means of an electrometer and by 
the use of spark lengths. Some idea of his experiments may be 
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obtained from curve II and III (Fig. 3), representing the work upon 
condensers. Part of the conclusions drawn by Quincke from his 
experiments are as follows: 

‘‘ 1, Solid and viscous bodies change their volume when they 
are in any manner subjected to an electrical force ; as in the case of 
glass used in a Leyden jar. 

‘2. This volume change is not to be considered as due to heat 
and is usually an expansion. Nevertheless, there may be a con- 
traction as, for example, in the case of the fatty oils. 

‘3, Inthe case of gases, | have been unable to observe any change 
of volume through electrical force. If such a change exists, it 
must be smaller than 1 3.10" of the original volume. 
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“4. The volume change follows immediately in the case of flint 
glass, and much more slowly in the case of the better conducting 
Thuringian glass, upon the application of the electrification. Upon 
the discharge of the spherical or cylindrical condensers the glass 
returned very nearly to its old volume ; immediately in the 
case of the flint glass, more slowly in the case of the Thuringian 
glass. 

‘5. Simultaneously with the change of volume there occurs a 
change of length in cylindrical condensers. 

“6. Volume and length changes are so much the greater the 
greater the electrical difference of potential maintained between the 
plates and the smaller the thickness of the insulating material of the 
condenser ; in fact, very nearly, but not exactly proportional to the 
square of the ratio of the potential difference and thickness. 

“8. After the discharge of the condenser plates there remains a 
remnant of the volume change in the same sense as the original, 
which is very small in the case of flint glass, and is much greater 
in the case of Thuringian glass, and appears to be dependent upon 
the electric polarization of the glass. The volume and length 
change do not depend upon the electric compression of the insu- 
lator. With flint glass the electric expansion takes place equally 
in all directions as in the case of temperature expansion and is in- 
dependent of the nature and direction of the electric force. 

“11. The electric volume change and change of length take place 
in glass in approximately the same manner as expansion by rise of 
temperature. 

“12. Under the influence of electric force the elasticity of flint 
glass, Thuringian glass and caoutchouc rises and of mica and gutta- 
percha falls off. ¢ 

‘13. The electrical perforation of glass and other substances is a 
consequence of the unequal dilatation of the substance.” 

.W. C. Roentgen was the first to object to these conclusions and 
in a paper published shortly after Quincke’s, he maintained that the 
observed results could be readily explained in other ways. 

Korteweg and Julius in 1881 measured the deformation of caout- 
chouc. They found the effect in this case to be immensely greater 
than the corresponding effect upon glass. 
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Quincke made a very elaborate series of experiments to deter- 
mine the elastic constants of his tubes and also the specific induc- 
tive capacity of the glass used. In the latter paper he states the 
belief that the view of Roentgen and others was well taken, but 
maintains that direct pressure of the electrodes would not explain 
all the observed phenomena; citing, in particular, that in liquid 
dielectrics the volume diminished. 

Further work in the same line has been done by Cantone, in 
a variety of experiments beginning in 1888. He also used cylin- 
drical condensers, but instead of magnifying the movement by op- 
tical devices, he chose an interference method. He used a cylin- 
drical vertical glass tube for his dielectric, to the upper end of which 
was attached a carefully calibrated capillary tube. The lower end 
of the condenser tube carried a small mirror, adjusted parallel to a 
fixed mirror. Measurements were made by observing the displace- 
ment of the interference fringes produced by the reflection of light 
between these mirrors. His potentials were expressed in terms of 
spark lengths between brass balls. For the internal coating, he used 
water, and the tube was silvered externally. It is to be observed 
that the tubes used were extremely thin, and also of small radius. 
Any variation of form due to charging would produce changes in 
the position of the fringes, which apparently would be very difficult 
to distinguish from those produced by changes in length. Curves 
IV., V., VL, Fig. 3, show some of his results, as reported by 
Sacerdote in the paper previously mentioned. 

Dr. L. T. More, in August, 1900, described some experiments 
in which a negative result was reported, and the existence of such 
effects was called in question. Dr. More measured the vari- 
ation in length of a cylindrical tube by means of an optical lever, 
using an influence machine as a source of potential difference. He 
called attention to the irregularities in previous work, especially 
as regards Quincke’s results. His paper was criticised by Sacer- 
dote, who asserted that the effect was too small to be distinguished 
from accidental movements in the arrangement used. 

Dr. More in a later paper showed that his apparatus was cer- 
tainly able to detect changes much smaller than those which should 
be expected if the work of Cantone is taken as a basis. 
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Several attempts have been made to develop a theory covering 
the subject of dielectric expansion, but in all cases the assumption 
is made that the phenomenon has a real existence. The principal 
causes which may be assigned to account for an observed expansion 
perpendicular to the lines of electrostatic strain are as follows : 

1. Polarization of the dielectric. To use this, certain hypotheses 
must of necessity be made, since the exact nature of polarization is 
entirely unknown. 

2. Mechanical pressure of charged metal electrodes, causing an 
expansion of a purely elastic nature. 

3. Thermal expansion, caused either by partial conduction of the 
dielectric, or by surface discharge. 

4. Apparent expansions due to change of form upon charging. 
The part played by this in such phenomena is often extremely diffi- 
cult to estimate, and in case volume changes of the internal cavity 
are the subject of measurement, it is not probable that consistent re- 
sults would be found for dielectric expansion. 

Among the hypotheses made as a basis for analytical work may 
be mentioned that of Korteweg, who assumed the distribution of a 
great number of small partially conducting particles in the insula- 
tor, which alter their position when subjected to electrostatic strain. 
This view is in accordance with that commonly accepted in the 
theory of magnetism, and bears a striking resemblance to the 
modern electron theory. 

Attempts to connect volume changes directly with the energy 
per unit volume were made by Moutier, whose equations ultimately 
reduced to a relation between an elastic constant of the dielectric and 
its energy per unit of volume. His expression for the variation of 
volume being - 

y KV’ 


M. Vaschy has assumed that only a fractional part of the ether is 
concerned in movements or variations of condition of ponderable 
material. In his work, he finds that A-— 1 is a factor of volume 
changes upon charging, which would seem to agree with the fact 
that gases suffer no expansion under electrostatic strain, as in this 
case AK may be assumed as 1. 
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In the developments along the idea of dielectric polarization, it 
has been customary to assume that A is a function of direction and 
elastic condition of the dielectric material, and elaborate formule 
connecting the various constants with the energy and strain equa- 
tions has been found by Kirchhoff and Lorberg. 

Duhem has applied the method of thermodynamic potentials to 
this subject and has assumed that dielectric expansion and mechanical 
pressure are uniform and independent of direction. His suggestion 
as to the method of attack has been followed up by several writers 
who have arrived at results more or less in accordance with the ap- 
parent indications derived from experimental researches. 

Lippmann, applying his idea of the conservation. of electricity, as- 
serted that the change in dimensions, as found by Quincke and 
others, required that the dielectric constant should change with 
~ mechanical pressure. This assumption enables the reasoning of the 
Carnot cycle to be applied when the temperature of the condenser 
is maintained constant. 

M. Curie endeavored to show by similar reasoning that in the 
case of quartz, which exhibits the phenomena of piezo electricity, 
the variations experienced on charging should vary with the poten- 
tial difference and not with its square. 

J. and P. Curie took up the question of dilatation of crystals, 
basing their theoretical work closely upon that of Lippmann, and 
carried the small element of volume through a series of changes 
in which the coordinates expressing conditions are potential and 
electrical quantity, instead of pressure and temperature. They 
deduce therefrom that the length would suffer a change of length 
proportional to the potential difference and not to the square of this 
quantity. They thus write ’=/— az. They predict that for this 
reason experiments undertaken with quartz would present a pecu- 
liar interest if it should prove that this theory was verified. Taking 
the case of a crystal of quartz in the form of a rectangular parallelo- 
piped, the application of pressure along the electrical axis would 
produce an electrification given by the formula, Q = piezo electric 
constant (#) x the force applied (/). If we take a kilogram weight 
as the applied force, it is found that a quantity of electricity is de- 
veloped capable of charging a sphere of 16.6 cms. radius to a 
potential of 1 volt. Thus 4=6.3.10~*. 
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If when two surfaces are silvered and charged a reciprocal rela- 
tion exists, then a measurable variation in length might result. The 
experimental methods of these observers were very ingenious, and 
results appear to bear out the theory ; but the observed changes 
have even greater chances of other explanation than in the case of 
glass. 

The most elaborate paper on the theory of this subject is that by 
M. P. Sacerdote, a brief review of which, as applied to long cylin- 
drical condensers, is given here. Lippmann showed that if expan- 
sion occurred, a change of dielectric constant should result from 
mechanical stress. Sacerdote assumes the actual existence of this 
change and makes the following hypothesis concerning its nature. 

Consider any rectangular portion of a dielectric and take the three 
edges as axes. Apply a mechanical stress dg per unit of area 
parallel to the sy plane, and define 

ak 
aq 
kK 
where 4, is the specific inductive capacity of the substance. Also 
let 
dg? 
K 
or a pressure normal to the sy plane. Assuming that these effects 
are independent and additive, we have, when pulls along s andy 
and pressures perpendicular to the sy plane are all present, 


dk = (2h, + k,)(Kaq). 


When a pressure is exerted outward ona cylindrical surface a 
surface tension is produced. The relation between the pressure and 


T 
tension is dp = R? when R& is the radius of the cylinder. The varia- 
tion of A’ due to such a pressure is then 
RK Rk 
dK = 2h, d= 'KkKadp 


(e = thickness of cylinder wall). 
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Suppose ( the volume of the dielectric of a condenser whose sur 
faces are S and 4. Let the system be defined by the coordinates 
pressure and potential (7, 1’). When we have a variation dp, ¢1” 
at constant temperature, work enough must be supplied to give the 
increase of electrical energy, less any work supplied otherwise. 


Or 
de= pdl’ (= charge on the condenser). 

But 

M=/f(p, 
and 

VU=¢(p, V) 

OM oM 
dM = aV+ ap ap 

and 


> 


an aVv+ ap dp. 


But d¢ is a perfect differential, since the process is a reversible one. 


Or 
op ov Cv ov cp Up 
Giving 
Ou OoM 
But 
MW=cl 
or 
cp 
Oc 


If ap is very small, we may regard it as independent of I, and 


then integrate 
Ju = |- | = 
If W= 1/2cl* = energy stored in the dielectric, we have 


W 
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[- 


i =| 


and 


But 


and when dielectric strain is uniform, A’// is constant. 


Consider the case of a long, thin-walled cylinder : 
Length = /, 
Wall thickness = ¢, 
Mean radius = A, 


Total tension = Q, parallel to the generating lines of the cylinder. 


Then 


But 


for such a cylinder. 


Then 
dA 1dR idl | de 
where 
CQ 


= = 
tension per unit area. But 


1 aA @ 


elastic modulus, and 


| || 
| 
| 
ton 
~ 2° 
|| 
AR/ 
2¢ 
1 OR Ov 
R Cg Cg 
\ 
} 
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or 


1 0c _@ + 
0Q 

Ac 72 


00 2 20° 


a+h, Iu 
J 


[ du = element of volume | 


a+k, KH* 
.vol. 
If K#H/* is constant throughout 
[ g 
ath, 
or 


It should be remarked that this derivation makes some assump- 
tions in addition to those first mentioned. In particular, that 


I 10R 
Og R Cg 


and further that ¢ is constant throughout, so that all volume ele- 
ments are equally strained, 7. ¢., A is taken as constant in the in- 
tegration. These conditions are not fully realized in practice. 
When the inner cylinder is not exactly concentric with the outer, 
forces are brought into play not accounted for in such a discussion. 


}-XPERIMENTAL WORK. 

Believing that the interference method was most desirable for 
work of this kind, a Michelson interferometer was arranged for the 
purpose. The instrument was placed on a pier in the basement of 
the laboratory, being brought to a convenient height by slabs of 
marble. One end of the piece to be tested was rigidly clamped to a 
metal plate which could be moved parallel to the length of the test 


~ 
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piece by a micrometer screw, one division on the micrometer indi- 
cating a movement of .ooo1 of an inch. The other end controlled 
the position of one mirror on the interferometer. 


Cc 


WARELE | MARBLE 


MARPLE 


Fig. 4. 


In a preliminary test it was found that a thin tube might buckle 
slightly if required to start the heavy brass block which carried the 
moving mirror. To avoid this, in the first test the tube was allowed 
to act against the small springs holding the adjustable mirror in po- 
sition, and the micrometer screw was then used in the place of one 
of the adjusting screws of this mirror. This arrangement was ex- 
tremely sensitive, but it was somewhat difficult to get the fringes in 
proper adjustment. 

Later the brass block moving on the ways was removed and the 
mirror was fastened directly to the tube, being supported on two 
small pieces of plane plate glass. This arrangement gave a support 
responding to the slightest movement, and yet easy to adjust. By 
means of an auxiliary screw a very slow rotation could be given 
to the micrometer screw, and the number of fringes passing the 
cross-hair i a reading microscope could be counted. A series of 
such readings gave .0000275 cm. as equivalent to a displacement 
of one band width ; that is, from center to center of adjacent black 
bands. The distance from center to center was measured by 1.95 
turns of the screw on the microscope. This microscope was placed 
on an optical bench, so that the adjustments could be readily made. 
Considerable difficulty was experienced with vibration and it was 
necessary to confine work to those hours when no machinery was 


in operation in the immediate vicinity. 


| 
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The first trial was made witha strip of hard rubber, 40 centi- 
meters in length, 6 millimeters wide, and 3 millimeters thick. This 
rested on small glass rollers placed on a plate of glass, on the under 
side of which was pasted a strip of tin foil about 33 centimeters long 
and 5 centimeters wide. Another glass plate was supported so as 
not to touch the rubber, and having a similar strip of tin foil on the 
under side. The rubber thus formed a part of the dielectric of a 
condenser. The tin foil strips were connected to the inner and 
outer coatings of a battery of g Leyden jars placed in multiple, in 
order that the rise in potential might be sufficiently slow to secure 
observations. This rate of rise could also be governed by varying 
the speed of the machine, or the number of transformer coils in use. 
In this particular case no direct measurement of potential was made, 
but it is sufficient, perhaps, to say that it was carried high enough 
to puncture the lower glass plate, which was 3 millimeters in thick- 
ness. 

Under these circumstances a displacement of approximately one- 
fourth of a band width was observed, increasing gradually, and re- 
turning to the original position after each discharge. After afew such 
movements, this effect could not be produced even on succeeding 
days. The percentage change of length in this case was approxi- 
mately 25.10-' and might easily have been due to other causes. 
However, when a spark gap was placed across the leads from the 
machine, a considerable displacement of the bands, increasing 
greatly with time, was observed. Upon stopping the machine 
without discharging the condensers, this motion was reversed and 
the bands came slowly back to their original position. It is evi- 
dent in such a case that the condenser may be considered as sub- 
ject to an alternating E.M.F. as the jars doubtless tended to dis- 
charge across the air gap between two successive series connections 
of the machine. On looking between the condenser plates, it was 
observed that the whole region was filled with a glow discharge, and 
occasional small, bright streamers were seen. It is certainly not un- 
reasonable to assume in such a case that the motion was due entirely 
to a gradual heating of the hard rubber. Whether the slight motion 
observed at first was due to elongation of the dielectric under elec- 
trostatic strain, or to a slight twisting of the material by reason of 


| 
| | 
| 
| 
| 
| 


No, 2.] EXPERIMENTS ON DIELECTRICS. 109 


such a field, would be extremely difficult to say. It is readily 
seen that a very slight twist might easily give such an effect. The 
potential reached here was high enough to cause frequent dis- 
charges over the tops of the jars. 

Several more trials were made with hard rubber and in no case 
was the displacement more than one-fourth of a band; and it was 
observed that after the first few chargings, this effect disappeared. 

A glass rod with a capillary bore was next tried. The diameter 
of the rod was 5 mm.; its length, 45 cm. It was placed between 
glass plates in the same way as the rubber rod previously men- 
tioned, and the condensers were subjected to potentials varying 
from 14 to 80 kilovolts. No movement whatever was observed, 
except when the connections were made in such a way as to insure 
an alternating discharge between the condenser plates. 

Some small glass tubes with mercury for the inner electrode and 
tin foil for the outer, were next used. It was found that with very 
thin tubes the vibration of the building was so great as to make the 
readings uncertain at times. It is certain in all these cases, however, 
that no movement as great as one-half a band width was observed 
when the conditions were such as to avoid a direct heating effect, al- 
though in each case the potential was carried high enough to rup- 
ture the tube. These tubes were approximately 75 cm. in length, 
and the thickness of the walls varied from .o8 to .12 cm. It was 
observed that a slight lateral motion, such as that produced by 
hanging a string over the middle of the tube, gave a rotation of the 
fringes ; while a movement parallel to the length of the tube, such 
as could be given by the micrometer screw, gave a movement per- 
pendicular to their length. In one case a very slight movement 
synchronous with charge and discharge of the jars was observed. 
It ceased after a few discharges, and was foo small to measure with 
certainty, since the bands were then vibrating with an amplitude of 
approximately one-fourth of a band width. 

It is of interest to note also that the passage of a spark over the 
tops of the jars, when these were near the refractometer, was accom- 
panied by a sudden movement of the fringes, often causing a dis- 
placement of three or four bands when the tube was not in the 
circuit ; evidently this was an air wave effect. It was therefore 
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found necessary to place the battery of jars in such a position as 
to diminish this effect. The trouble was avoided by placing them 
near the ceiling, and above the refractometer. 

The next trial was made with a glass tube, silvered inside and 
out, the coatings being joined to those of the battery of nine Leyden 
jars in multiple. This tube seemed to show a decided effect upon 
continued application of the charge. The following readings will 


indicate the behavior : 


Duration of Connection. Total Movement to Left. 
20 seconds, 1.25 
40 seconds, 2.25 
60 seconds, 3.5 
After Discharge. Total Movement to Right. 
30 seconds, LS 
60 seconds, 
120 seconds, 
150 seconds, 3.5- 


These observations were repeated several times with almost identical 
results. It was found that the direction of motion on charging was 
the same as that obtained by moving a lighted match beside the 
tube at a distance of three or four inches from it, so as to produce 
a very slight heating. 

Six of the jars were removed and the discharge over the surface 
of the remaining three was accompanied by a rupture of the tube. 
This tube, like the others used in the same manner, was covered 
with a layer of rubber cement on the part not silvered, which 
served to prevent surface discharge along the glass. When this 
was not done, it was found that with fairly high potential differences, 
discharges occurred along the surface of the glass to the refrac- 
tometer or to the marble surface on which the instrument rested. 
The expansion observed in this case showed every indication of 
having its origin in thermal effects. Whether these were pro- 
duced by the passage of the charge along the extremely thin layer 
of silver forming the electrodes, or whether the glass was a_ partial 
conductor, it is hardly possible to determine. 

Another tube was silvered, care being taken to secure a heavy 
deposit, and the resistance of 75 cms. of the layer was found to be 
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about g ohms. The dimensions of this tube were carefully deter- 
mined by immersion in mercury. 


Length of the tube, 95 cms. 
Length of the silvered portion, 73 
External diameter, .84 
Interior diameter, .36 
‘Thickness of the walls, .24 


We were unable to secure a tube of uniform external and internal 
diameter, and having thinner walls. According to the theory of the 
subject developed by Sacerdote, the increase of length varies in- 
versely as the square of the wall-thickness, and if uniformity and 
stability could be secured, it would undoubtedly be desirable to 
use thin walls, thus bringing the charges close together. Inasmuch, 
however, as the potential difference at hand was sufficient to rupture 
the tube, it was thought better to make the trial with a tube as 
nearly uniform as possible. 

In the first observations 18 Leyden jars were used in multiple 
with each other and with the coatings of the tube. A spark gap 
2 cm. long was placed in shunt with the coatings, brass balls 2 cm. 
in diameter being used for electrodes. During the first 6 or 8 dis- 
charges, a movement slightly more than cne-fourth and consider- 
ably less than one-half of a band width was noted; this increased 
as the potential rose and diminished after the discharge between 
the balls. A slow creep of the fringes across the field, in a direc- 
tion such as would indicate heating, was also observed. 

Nine of the jars were then removed and the same effect was ob- 
served, the creeping being slightly faster and the springing move- 
ment less certain. With one centimeter spark length between the 
discharge balls, the effect was almost identical with that observed 
before. After discharging the jars and waiting some hours, another 
trial gave a slow movement of 3 bands, and the backward jerk of 
about one-quarter of a band upon discharge. 

Going back to the 18 condensers in multiple again, and 2 cm. 
spark, nothing but a slow creeping of the fringes could be observed. 
On the following day the same series of trials was made with an 
entire absence of the motion of rising and falling with charge and 
discharge ; the creeping effect varying with the time of charge was, 
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however, still present, and the return was much slower than the 
original change. 

In some cases the variation in the temperature of the room was 
sufficient to cause an extremely slight creep of the bands, which 
could easily be distinguished from other effects. Due allowance 
could be made for this. In all cases the movement was in the 
direction indicating expansion during charging. The spark length 
wasgradually increased up to 4 or 5 cm., and then the jars were 
removed and the tube connected directly to the terminals of the 
machine with the spark gap in shunt. After a few sparks had 
passed between the discharge terminals, a rapid motion of the 
fringes was observed and the tube was ruptured. 

Taking data deduced from Cantone’s work as reported by Sacer- 
dote in the Journal de Physique of April, 1901, and his approximate 
value of ‘‘a”’ given in the March number, and assuming the dielec- 
tric constant of the glass used as considerably below the average, 
we find that the observed expansion should have been .000024 for 
a difference of potential of 130 electrostatic units. If the effect 
increases with the square of the potential a considerably greater 
expansion should have been observed in this series of experiments, 
since a 4 cm. spark length between the balls would demand a break- 
ing potential much larger than assumed above. I have been unable 
to find data for explosive potential difference for balls of this diam- 
eter above I cm. spark distance. From a comparison of the curves 
of spark lengths drawn from data given inthe Smithsonian tables, 
page 244, it is probable that potentials above 150 C.G.S. units were 
used before rupture of the glass. If A for this particular glass 
were the average, namely, about 7.5, this expansion would be in- 
creased in the ratio of 1.8 to 1 or an amount of .000043, which is 
certainly far within the limits of possible readings upon the instru- 
ment. <A displacement of one-fourth of one band width was unques- 
tionably in excess of any observed except where heating was fairly 
certain, and this corresponds to an increase of length of .000007 cm. 

Another trial was made with a tube 86 cm. long, 3.5 cm. exter- 
nal diameter, and 1 mm. thick. This was silvered on the inside and 
covered with tin foil outside. Various potentials were used up to 
the point of rupture of the glass, without effect other than that 
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plainly due to temperature change. Not the least motion of the 
bands could be detected when connection was made to a set of 
highly-charged jars. 

The results given by Kortweg and Julius for hard rubber indi- 
cated an expansion greatly in excess of any observed in the case of 
glass. [Of the order 10~* instead of 10~".] Several tubes were 
accordingly secured for a trial on this material. These tubes were 
about 100 cm. in length, 2 cm. external diameter, with walls ap- 
proximately 2.5 mm. in thickness. An attempt was made to 
copper-plate one of these, but it was found difficult to get a coating 
on the inside. A tube of tin foil could be readily inserted and 
made smooth, and such a tube 85 cm. long was used. The out- 
side was covered over the same length with light foil. One end 
was entirely plugged with hard rubber cement, and mica collars 
were cemented on the ends of the foil to prevent leakage along the 
tube. The first trial was made with a Wimshurst machine, as the 
use of the dynamo static machine had been subject to some criti- 
cism. A slow and steady movement of the bands was observed, 
followed by a slow and complete return after discharging. From 
8 to 18 bands crossed the field in from 30 seconds to one minute. 
About ten minutes were required for complete return. 

This was repeated several times and several observers noted the 
movements. All the conditions were favorable for accurate read- 
ings, as the bands were broad, distinct and absolutely steady. The 
large machine was then used and much more marked movements 
of exactly similar nature were produced. When the spark length 
between 2 cm. balls was gradually increased from 2 cm. to 4 cm. 
the motion increased very rapidly and the tube ruptured. 

Another tibe was then arranged as follows: A long piece of very 
fine copper wire was passed between metal rollers giving a thin flat 
ribbon of copper. This was wound spirally around the tube and 
the ends soldered to two heavy copper rings. <A thin layer of 
shellac served to hold the wire in place and to insulate it from the 
outer tin foil tube. Heavy copper leads with well amalgamated 
ends joined the rings to mercury cups from which connections were 
made to a Wheatstone bridge. One copper ring was connected to 
the tin foil to avoid puncture. 
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When the machine was operated with only part of the coils active 
only a slight movement was noted, except that when the Leyden 
jars were discharged a sudden backward jerk was seen, This was 
shown to be due to an air wave by firing a blank cartridge in an 
adjacent hall, which reproduced the jerk in direction and amount 
when the proper distance was secured. 

It was observed that a slight decrease in the resistance of the 
spiral resulted when the machine was operated even when the con- 
denser tube was entirely disconnected. Doubtless due to a slight 
coherer action at the various junctions in the circuit. When the 
connections were arranged so as to give a 2 cm. spark between balls 
of that diameter the same slow motion of the fringes was seen. As 
soon as possible the tube was discharged, connections were made 
with the bridge and a distinct ¢vcrease in resistance was noted. 

Sample readings are as follows: Temperature of room very con- 
stant. Bands clear and steady. Resistance of spiral 14.80 ohms 
before starting machine ; after running machine a few minutes before 
it was connected to the tube a deflection of the bridge galvanometer 
to the left .5 div. indicated a reduction of resistance. Later runs 
gave no change in this. On connecting to the plates of the cylin- 
drical condenser until 20 bands passed the cross wire a deflection 
of 8 divisions to the right was noted. When 25 bands more went 
by a farther deflection of 12 scale divisions in the same direction was 
observed. It was found that a change of .o1 ohm gave a deflection 
of 24 scale divisions so that the resistance increased .005 ohm while 
25 bands crossed the field. A lighted match held two or three 
inches from the tube for two seconds reproduced the movement of 
the bands in amount and direction and an increase of resistance very 
nearly the same as before. 

Assuming the temperature coefficient for copper as .004 


14.8 x .004 x ¢° =.005 [for 25 bands displaced], 
Giving 6 = .086° approximately, 

Effective length of dielectic 85 cm., 

Coefficient of expansion for hard rubber .00007, 
85 x .00007 x .086 = .000512, 

25 X .000029 = .000725, 
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so that the displacement observed was of the same order as that 
computed from the change of temperature. It could hardly be ex- 
pected that extremely close agreement should be found, as some 
time elapsed while discharging the condenser and connecting to the 
bridge. 

The general conclusion from the foregoing experiments would 
seem to be that all the observed changes may be readily accounted 
for without reference to anything other than heat and the slight dis- 
tortions due to an unsymmetrical distribution of charge. The phe- 
nomena of residual charge and of variations in dielectric resistances 
are entirely consistent with the idea of the passage of initially weak 
conduction currents into or through the dielectric. That these would 
cause a slight heating could hardly be denied. When this current 
attains any appreciable value in a small region, owing to accidental 
irregularities in potential difference, or to slightly higher local con- 
ductivity, a sudden rise of current with a rapid development of heat 
would result, causing unequal thermal expansion and possible vapor- 
ization of material, thus rupturing the dielectric. 

In most of the above experiments a movement of 45 of a band 
width could have been noted with certainty so that movements as 
large as often reported could hardly have escaped detection. 

In view of the great variation in the results of different observ- 
ers, and of the fact that all work on the theoretical side has been 
based on experiments more or less in dispute, it would seem that the 
production of changes of form and dimensions in matter by purely 
electrostatic strain is extremely improbable. 

In conclusion, the writer wishes to express thanks to Mr. Ernest 
Blaker, Instructor in Physics at Cornell University, for assistance in 
construction of the machine; to Mr. Frank Allen, Fellow in 
Physics, for aid in making readings ; and especially to Professor E. 
L. Nichols for his kind interest and assistance in the work. 
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A CARBON ELECTROLYTIC INTERRUPTER. 


By A. H. TAYLor. 


WEHNELT interrupter using a platinum point in a solution 

of sulphuric acid has the great disadvantage that when 

carrying large currents the platinum wears away. This suggested 
the substitution of a cheaper metal for the anode. 

An interrupter can be made by using a lead plate as cathode in 
a solution of sulphuric acid, and as anode a heavily insulated copper 
wire. The tip of the wire is laid bare for about 1.0 to 1.5 mm. 
However, this interrupter works poorly and requires constant ad- 
justment on account of the wearing away of the copper and the 
tearing of the insulation. Other experiments were tried with indif- 
ferent success. Under suitable conditions lead, iron, copper, brass 
or carbon may be used as anodes, and, as has been pointed out by 
others, many different solutions may be used as electrolytes. An 
acid seems to give a little the best results, but is open to the objec- 
tion that obnoxious fumes are then emitted by the interrupter. 

The critical voltage below which an interrupter fails to work 
satisfactorily seems to vary with different metals. 

Although the critical voltage for carbon is rather high, it gave by 
far the most satisfactory results. The first form of carbon anode 
used was a 3 mm. carbon rod in a close fitting hard rubber jacket, 
covering it to within a few millimeters of the tip. However, this 
overheated with a current of four to six ampéres, and fused the rub- 
ber jacket. The type shown in Fig. 1 was then devised: C isa 
carbon rod 3 mm. in diameter, and copper-plated to within a few 
millimeters of the tip. This rod fits loosely in a thistle-tube, 7, 
which in turn fits the cork X of the lead jar Z and dips into the 
electrolyte, in this case a solution of KOH. 

The end of the tube 7 has a little stirrup S drawn out on one 
side of it. Upon the point of this stirrup rests the carbon rod C. 
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The rod has a binding post at # and the jar one at 5’. The copper 
plating, by increasing the conductivity of the rod prevents excessive 
development of heat in it. As the rod wears away it slides down 
the tube and the copper wears off. The cork A has o* 

8 


a small opening to allow the escape of any gases 
generated. 


Such a size of interrupter as this one, where the 


rod is 3 mm. in diameter and projects below the 
tube 7 1.5 mm., is adapted for use with a 6-inch | 
spark coil directly on a 100-1 10-volt direct or alter- 
nating current circuit without the use of a resistance 
in series. The size of the lead jar and the quantity pk 
of solution vary with the facilities for disposing of =i 
the heat developed in the interrupter. If some simple 
cooling device is used, such as immersing the jar in 


cold water, it may be of the dimensions shown in the 


sketch, ¢. g., about 2.7 cm. in diameter and 8.0 cm. 


high. 
To allow automatic adjustment, the carbon rod fits 


the tube 7 rather loosely and during operation the 


liquid is forced up into the bulb of the thistle tube 
until equilibrium is attained. The period of the in- Fig. 1. 
terrupter may be varied as with other interrupters, by varying 
the depth of the solution. The concentration of the solution affects 
the current strength only by a limited amount after a certain point 
. is reached, beyond which the current strength may be regulated by 
the length of the projecting stirrup S and the size of the carbon rod. 
With a solution of one part concentrated KOH to four of water, the 
above dimensions give a current of about 5 to 6 ampéres on 100 
volts with a 6-inch spark coil intended for use on an 8-volt circuit. 
This easily gives the required spark length and shows some pecu- 
liarities in the spark which will be spoken of later. 

By adjusting the stirrup S or varying the size of the rod, an inter- 
rupter may be made to give almost any spark length up to the 
maximum spark length which the secondary of the coil will stand. 
Similarly, interrupters may be adjusted for different coils. 

For use with X-ray tubes the direct current is preferable, but for 
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many other purposes, as for wireless telegraphy, etc., the alternating 
current is preferable, because with it the interrupter works more 
evenly. This interrupter requires a minimum D. C. voltage of 
about 65-70 volts to give satisfactory results and works best be- 
tween 85 and 110 volts. With the alternating current the minimum 
voltage is lower, just how much has not been determined. 

For any given interrupter on a constant voltage there seems to be 
a critical spark length at which the interrupter works best. 

When this spark length is attained the ordinary ragged, bright 
discharge is accompanied by a smooth, curved, red or violet dis- 
charge, which rapidly oscillates from point to point of the discharge 
knobs. This part of the discharge is more easily deflected by a 
blast of air than the bright ragged part. By shortening the spark 
gap and introducing a capacity such as a Leyden jar into the 
secondary circuit, an intensely bright and noisy spark of great 
energy is produced, while the Leyden jar, if suddenly disconnected, 
is found to be charged so as to give a spark of 2 to 5 millimeters. 

Most of these peculiarities of the spark are characteristic of 
electrolytic interrupters, and are only mentioned here to show that 
this interrupter, which is cheap and simple in construction, can be 
used in almost any case where the platinum interrupter can. 

One striking peculiarity is noticed when the interrupter is used 
on an alternating current circuit, with an alternate and a direct cur- 
rent ammeter in series. On several occasions when the A. C. am- 
meter read from 5-7 amperes the D. C. ammeter read 0.3 to 0.4 
ampere. 

This was not accidental, but could be repeated, not with exactly 
the same current readings, but the D. C. instrument invariably gave 
a reading showing a slight excess of current from the carbon to the 
lead. A copper voltameter in the circuit gave a result correspond- 
ing to 0.38 ampére while the total current as measured by an 
electro-dynamometer was about 4.0 ampéres. This voltameter also 
showed the excess current to be from carbon to lead. 

These results suggested that possibly there might be a rather 
high E.M.F. of polarization and a D.C. or A. C. voltmeter was 
used giving on a 100-volt circuit, 108 volts fall across the inter- 
rupter, and 55 volts fall across the coil. To determine whether 


} 
\ 


No. 2.] ELECTROLYTIC INTERRUPTER. 121 


these results were altogether due to phase differences, a D. C. volt- 
meter was used. This showed about o.1 volt on the whole circuit, 
about 0.2 across the coil, and about 0.7—0.8 across the interrupter. 

These results are necessarily only approximate since the action of 
the interrupter is toa slight degree intermittent, and causes un- 
avoidable quivering and oscillating in the voltmeter needle. Such 
as they are, however, they do not justify the assumption of any very 
large E.M.F. of polarization in the interrupter. The readings of the 
D.C. voltameter are only what would be expected on account of the 
0.3 or 0.4 amp¢ére excess current from the carbon to the lead. 

This excess current is probably due to the fact that the current 
is interrupted a less number of times in passing from carbon to lead 
than when passing from lead to carbon. For in the first case the 
break is probably caused mostly by the accumulation of oxygen on 
the anode, and in the second case mostly by the accumulation of 
hydrogen, although analysis shows that both gases appear at the 
anode when a direct current is used. But since the hydrogen 
accumulates the faster it is not unfair to assume that the interruptions 
would be more frequent in one direction than in the other with the 
alternating current. 

A wattmeter indicated a consumption of 62.5 watts for a six-inch 
spark, but the spark was plainly of much greater continuity and 
energy than that produced by any mechanical interrupter. 

In conclusion, this interrupter may be recommended as a cheap, 
simple, self-adjusting instrument well suited for continuous service. 


PiysicAL LABORATORY, MICHIGAN AGRICULTURAL COLLEGE, 


November 6, 1901. 
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NEW BOOKS. 


The Experimental Study of Gases. By Morris W. TRAVERS.  8vo, 

pp- xiii, 323. London, Macmillan & Co., 1901. 

The field covered by the work of Dr. Travers is well indicated by its 
titlek—The Experimental Study of Gases. But the title alone gives no 
indication of how comprehensive the book is in its discussion of experi- 
mental methods and in the description of important investigations. 
The great advances that have been made in recent years in our knowl- 
edge of gases, and especially of the gases of the atmosphere, make such 
a book peculiarly appropriate at the present time. It is a matter for 
congratulation that the work has been prepared by one who, on account 
of his experience as an investigator in this field, is unusually well pre- 
pared to undertake the task. 

After two pages devoted to a statement of the fundamental laws of 
Boyle and Gay-Lussac and Avogadro’s hypothesis, the author begins at 
once an account of experimental methods and apparatus, the first subject 
considered being that of mercury pumps. A somewhat extended ele- 
mentary knowledge of the general properties of gases is presupposed. 
No time is devoted to a duplication of work of this character that has 
been well presented elsewhere. ‘This is especially true as regards the 
theoretical side. In fact, the author has confined himself so closely to 
the experimental side of the subject that theoretical discussions occur 
only in cases where experiment and theory are so closely related that it 
is almost impossible to separate them. 

It will be impossible here to do more than touch upon the many topics 
treated. The following headings of chapters will give an idea of the 
scope of the book in dealing with apparatus and methods: Mercury 
Pumps; Gas Manipulation, Stopcocks, Collecting and Storing Gases, 
etc.; the Preparation of Pure Gases; Gas Analysis; Determination of 
Density ; Relationship of Temperature, Pressure and Volume ; the Lique- 
faction of Gases, and Manipulation of Liquefied Gases ; Vapor Pressure 
and Critical Constants ; Specific Heats; Spectrum Analysis. 

Among the portions of the book that are devoted to investigations of the 
properties of gases, rather than to apparatus and methods, may be men- 
tioned the chapters on the Composition of Atmospheric Air, and the Gases 
of the Helium Group. An interesting account is here given of the dis- 


| 

| 

| 
| 
i] 
ij 


No. 2.] NEW BOOKS. 123 


covery of argon and helium, as well as of the more recently discovered 
members of this remarkable group of gases, krypton, neon, and xenon. 
When it is remembered that Dr. Travers is one of the discoverers of the 
three gases last named, and that he has been associated with Professor 
Ramsay and others in a large part of the work done in this field since the 
discovery of argon, it is natural to expect that the book before us should 
be especially strong in its treatment of the helium group. And this is 
in fact the case. ‘The methods used in obtaining these gases, especially 
the very generally applicable method of fractional distillation, are de- 
scribed in detail ; while numerous tables are given of data regarding their 
properties and constants. Probably nowhere except in the original papers 
of Rayleigh and Ramsay, Ramsey, Ramsay and ‘Travers, and the other 
investigators in this field, can so complete an account of the recent work 
be found. 

As the author says in the preface, the breadth of the subject does not 
permit of its complete treatment within the limits of a single volume. 
In many cases, therefore, it has not been possible to go into such detail 
as the importance of the topic would make desirable. ‘This is true, for 
example, in the chapters dealing with the liquefaction of gases, gas analy- 
sis, and spectrum analysis. But each of these subjects deserves a volume 
‘for itself if its treatment is to approach completeness. The author has 
been forced to restrict his consideration to the most essential points ; the 
choice of those points that are to be regarded as essential appears to me 
to be an excellent one. In the chapter on the liquefaction of gases a 
brief historical account is first given. Reference is then made to the 
apparatus of Linde and Hampson for liquefying air, the latest form of 
the Hampson apparatus being described in detail. ‘The dependence of 
such methods of liquefaction on the Joule-Thomson effect is clearly 
brought out, as is also the failure of the method when applied to hydro- 
gen, under ordinary conditions of pressure and temperature, on account 
of the fact that the Joule-Thomson effect is negative for this gas. ‘The 
method may be used, however, if the hydrogen is first cooled to about 
— 200° C. since the Joule-Thomson effect changes sign somewhere be- 
tween — 80° C. and — 200° C. Apparatus for liquefying hydrogen is 
described in detail. 

A very satisfactory feature of the book is the frequent citation of original 
articles. In only a few cases do such references seem insufficient. Men- 
tion of the numerous tables of important constants connected with the 
gases, which appear throughout the book, should also not be omitted. 
Dr. Travers’ work can only be regarded as an important addition to the 
literature of physics. 

ERNEST MERRITT. 


a 
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Leichtfassliche Vorlesungen iiber Elcktrisitat und Licht. By Dr. G. 

JAUMANN. Leipzig, Barth, 1902. Pp. xii + 375. 

This volume has as its basis a series of university extension lectures ; its 
special object as expressed in the preface being to introduce to students 
in the high schools the Maxwellian theories of electricity and light and 
to assist teachers in the lower schools in their endeavors to modernize 
their instruction. ‘The author places a certain limit upon the modernity 
of his own treatise, however, in that he expressly omits from considera- 
tien all theories involving ions, electrons, or other corpuscular concepts 
and he is consistent in this matter even to the point of regarding R6ntgen 
Rays as a variety of light of extremely short wave-length, cathode rays 
as electro-magnetic rays produced by longitudinal vibrations accompanied 
by circular magnetic alternating currents, etc. With these exceptions the 
treatise is for the most part in accordance with the accepted theories con- 
cerning the nature of light and its relations to the phenomena of elec- 
tricity. 

The standpoint of the whole treatise is that of flux. The phenomena 
of the magnetism of iron are treated in lecture I., under the title of Zhe 
Magnetic Flux. ¥\ectrostatics to which the second lecture of the course 
is devoted has the heading, 7he Electric Flux. ‘The voltaic current is 
designated as a new form of electric flux brought about by the action of 
the voltaic element or of some analogous generator in which the lines of 
flux are closed curves, forming electric whirls or vortices. In _pur- 
suance of the same system we find the sixth lecture devoted to the 
magnetic whirl of a voltaic current, in other words to the magnetic ef- 
fects of the current, while electromagnetic induction is treated as an 
electric vortex motion. 

To introduce concepts of this sort to the general public and to 
beginners in the study of physics, such as those for which this book is 
intended, without producing utter perplexity of mind, is a task of the 
greatest difficulty. To prepare the reader for the conceptions of electric 
and magnetic flux Professor Jaumann has written an introductory chapter 
on the flow of water. By the use of stream lines a number of very 
interesting diagrams are worked up and discussed and the consideration 
of these which are selected on account of their close analogy to the 
most important kinds of electromagnetic and electrostatic fields the reader 
is undoubtedly assisted in the consideration of electric and magnetic 
phenomena. ‘This introductory chapter is of great interest and the stu- 
dent who succeeds in working through it consistently will doubtless be in 
position to comprehend more readily the corresponding cases in the 
electric and magnetic portions of the book. It is, however, by no means 
easy, although the treatment is elementary throughout in the sense of 
not demanding extensive mathematical preparation, and it is to be feared 


| 
| 
| 
| | 
i 
| | 
ii 
‘ 
SS 7 — 


No. 2.] NEW BOOKS. 125 


that a comparatively small proportion of readers who are without previous 
scientific training will be able to cope with it. 

Professor Jaumann’s treatment of the phenomena of electricity and 
magnetism by the method of electric and magnetic flux is worked out 
with all the completeness possible and with as high a degree of consist- 
ency as this purely artificial hypothesis will permit. The author errs on 
the side of giving his system too great a semblance of reality. Why 
rescue the student of electricity from the old idea of the electric current 
and from the still older one of the two electric fluids only to imbue him 
with equally artificial conceptions of electric and magnetic flux? The 
drawing of lines of force pure and simple as originated by Faraday and 
developed by Maxwell and his followers affords a system capable of 
yielding all that can be obtained from this newer modification and it has 
the great advantage of being frankly geometrical in its character. The 
treatment of electric and magnetic phenomena as though they were 
fundamentally phenomena of flux instead of utilizing flux simply asa 
convenient but avowedly artificial means of computing magnetic and 
electric field is surely open to objections no less serious than were the 
methods of our forefathers. E. L. N. 


A Laboratory Manual of Electro-therapeutics. By W. J. HERDMAN 
and F. W. NacLer. 8vo., pp. 128. Ann Arbor, Mich., George 
Wahr. 

It is hardly to be expected that many readers of the PHysicaL REVIEW 
will be in a position to take an appreciative interest in this manual from 
the standpoint of the physician. Nor is the book one that would attract 
attention from the physicist as a laboratory manual of electricity for gen- 
eral use. But as indicating the character and extent of the legitimate 
applications of electricity in medicine | think the text-book of Doctors 
Herdman and Nagler will be found of much interest. 

Probably no department of medicine has offered such opportunities to 
the deliberate or ignorant ‘‘ quack’’ as the therapeutic use of electricity. 
That the current and the electric spark produce well marked physiolog- 
ical effects has long been known. ‘That the physiological action of elec- 
tricity, if properly directed, might be of important assistance in the treat- 
ment of disease seemed obvious. But strangely enough this very fact 
resulted in retarding the scientific development of the subject. Popular 
expectation in this branch of medicine went far in advance of systematic 
knowledge. In the early days there was a general impression abroad 
that electricity could accomplish anything ; and the physician who used 
this new curative agent only in those few cases where its efficacy had 
already been well established was looked upon as not up-to-date. The 
unscrupulous were not slow in taking advantage of this condition of 
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affairs. ‘The most extravagant claims were made regarding the applica- 


_ tions of electricity, and it was used in absurd and reckless ways, with re- 


sults more often harmful than beneficial. Finally public credulity could 
stand it no longer, and a natural reaction came. Among intelligent 
people the whole subject fell into disrepute, and there was a tendency to 
regard the employment of electrical methods with suspicion. We have 
not entirely outgrown this feeling yet. It has certainly deterred many 
physicians from proper and legitimate experiments in this field, with the 
result that this branch of electricity has progressed less rapidly than 
would otherwise have been the case. ‘Those who have continued the 
scientific and conservative study of electro-therapeutics in spite of the 
prejudice against the whole subject are all the more deserving of credit. 

From the manual before us the reader has a chance to learn the char- 
acter of laboratory instruction in electricity and electro-therapeutics in a 
medical school of recognized standing. Probably there is no better way 
of finding what are regarded by those competent to judge as the present 
legitimate and established medical applications of electricity. 

Among these applications are many in which the physiological effects 
of the current play no part; for example the use of incandescent lamps 
for illuminating the nasal and other cavities of the body, the electric 
cautery, the use of Réntgen rays, etc. In order to employ electricity 
for these purposes the physician needs an elementary but practical knowl- 
edge of fundamental electrical laws. Such knowledge the author8 aim 
to impart by means of simple experiments, often performed directly upon 
apparatus intended for the physician’s use. In this respect the plan of 
the book seems to me excellent, while the experiments are well suited to 
give the student a good practical grounding in those parts of the subject 
of electricity with which he needs to be familiar. 

In the portions of the book that deal with the physiological effects of 
the current the same plan is followed of using direct experiments when- 
ever this is possible. Reference to a few such experiments will indicate 
their character: For example, the measurement of the current that is 
just sufficient to produce muscular contraction on make or break under 
specified conditions; the effects of electrolysis when current is sent 
through fresh meat ; the resistance of the body under various conditions ; 
the introduction of cocaine into the tissues through the skin by means of 
electric osmosis. In all the experiments of this kind stress is laid on the 
desirability of actually measuring the current used. ‘This feature of the 
book can scarcely be too highly commended. 

In many parts of the subject it is of course impossible to illustrate the 
therapeutic principles involved by experiments suited to the laboratory. 
In such cases the effects are described and the method of procedure in 
using the current is briefly indicated. The mode of treatment resembles 
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in some respects the account of the use of some drug in a book on 
materia medica. Chapters are devoted to the therapeutic uses of the 
induction coil discharge, the high potential sinusoidal current, the Tesla 
high frequency discharge, the influence machine, etc. It is interesting 
to learn from these chapters the results that are accomplished by the use 
of the current, as well as the differences between the physiological effects 
produced by the different forms of current. For example, a short spark 
discharge from a static machine is used to produce local irritation and a 
stimulating effect on the skin ; .while the ‘‘ spray’’ or brush discharge is 
soothing in its effects and is used to relieve nervous excitement, head- 
ache, and insomnia. The sinusoidal current (the ordinary alternating 
current) is regarded as the current far excedlence ‘‘ for exciting to vig- 
orous action muscular tissue, whether it be of the voluntary or involuntary 
variety,’’ and is used for general muscular weakness, local paralysis, etc. 
The discussion of the effects and uses of the high frequency currents is 
especially interesting. In general these currents are found ‘‘ to impart 
an extraordinary activity to nutritive changes and to cellular life.’’ The 
method of treatment is to enclose the patient, without contact, in a large 
solenoid traversed by the current, so that the currents that are effective 
are those produced by induction in the body itself. It will be recalled 
that remarkable results were obtained by d’Arsonval a few years ago by 
this method. It appears that these results have since been in the main 
confirmed. Experiments are described indicating that the same pro- 
cedure with currents of ordinary frequency produces similar but less 
marked results. ERNEST MERRITT. 


A Manual of Laboratory Physics. By H. M. Tory and F. H. 
PircHer. First Edition. New York, John Wiley & Sons, tgo1. Pp. 
284. Price, $2.00. 

This book is intended for instruction in elementary laboratory work 
in sound, light, heat, magnetism and electricity. No experiments are 
given in mechanics. ‘The manual is based on the experience of the 
authors as demonstrators in actual laboratory work with elementary 
students, and is arranged so as to present those experiments and sub- 
jects first which appeal most readily to the beginner. 

Under each experiment some notes are given on the theory involved 
which are more or less complete according to the capacity of the stu- 
dent. ‘The formulas to be used are given and in some cases are worked 
out very fully. Especially is this true in the part of the work devoted 
to heat, magnetism and electricity. With each experiment is also given 
a complete list of references to standard text-books which will be 
found of much value in supplementing the theory given in the manual. 
Following the theory there are found complete directions regarding 
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the order and methods of experimentation and precautions to be taken ; 
and a list of necessary apparatus is also given. 

The beginner in the laboratory has little idea of how and what data 
to take and how to arrange them in most convenient forms. ‘There is 
given, with each experiment, an example of tabulation for a complete 
set of data and results, which in itself teaches accuracy, order and 
neatness. ‘There are also blank forms given, directly below the exam- 
ples, to be filled out by the student. They will be found too small for 
the data that should be taken, but will serve as guides in working up the 
data to be embodied in the student’s report. 

The manual will be found very useful in the field for which it is in- 
tended, and especially in a laboratory course to be given in conjunc- 
tion with text-book work in the class room, for the range of experi- 
ments given is sufficiently large and varied to emphasize the facts 
brought out in the text. ERNEST BLAKER. 


Schweizerische Bergbahnen: Die Industrielle und Kommersielle 
Schweiz, No. 3 and 4, June, tg01. Polygraphisches Institut A. G., 
Ziirich. 

Nowhere has the mountain railway received such development as in 
Switzerland and few are the systems which are not there represented. 
Indeed many are to be found in Switzerland alone, or have there been 
originated. ‘To layman and engineer alike this volume of 178 pages will 
be of great interest, and to those who seek information about mountain 
railways and to those concerned with traction of any kind it will prove of 
exceeding value. 

Comprising as it does only mountain railways, some twenty-three of 
which are treated in great detail, we find in the volume no description of 
any tram lines, not even of the historic tram at Lugano. 

A feature of the book is its magnificent illustrations, more then three 
hundred in all, many of them from photographs showing characteristic 
views in the vicinity of the railways, and these will prove of interest to 
the non-technical reader. It is however for the technical data that the 
book is particularly valuable and for this it should be consulted as a most 
convenient and authoritative source. F. BEDELL. 


Ziegler Hand Dynamo. 


The dynamo shown gives a current of 
four ampéres, at an electromotive force of 
fifty volts. It will therefore permit of the 
employment of the ordinary 50-volt lamps 
of commerce for demonstration or experi- 
ment. It runs easily and is an_ ideal 
machine for the college and laboratory. 


ZIEGLER ELECTRIC CO., 141 Franklin St., BOSTON, MASS. 
Send for a copy of Physical Catalogue No. 10. 


RECENT BOOKS ON MECHANICS, Etc. 


The Principles of Mechanics 


_An By FREDERICK SLATE, Prof. of Physics, University 
tion of Kinematical and Dy- of California. Part 1., pp. x +299. $1.90 


namical Mechanics. 


The needs of college students at an elementary stage are considered ; but also the value 
of Mechanics as a system of organized thought, of distinct culture value. 


A Treatise on the Theory of Screws 

. By Sir ROBERT STOWELL BALL, LL.D., F.R.S., 
An exhaustive thoroughly Lowndean Professor of Astronomy and Geometry in 

illustrated Treatise. the University of Cambridge. 8vo, $5.50 ev. 


The Thermal Measurement of Energy 
: By E. H. GRIFFITHS, F-.R.S., Fellow of Sidney 
Lectures delivered at the Sussex College, Cambridge. 135 p. 12mo (Cam-- 
Philosophical Hall, Leeds. bridge University Press Series), cl., net, 50c 3 
postage, 8c. 


A Treatise on Elementary Statics 


. By W. J. DOBBS, M.A., sometime Foundation Scholar 
Seth of St. John’s College, Cambridge, with 191 Illus- 
trations. 311 p. 12mo, cl., we¢ $2.00; postage, 1 2c. 


THE MACMILLAN COMPANY, 66 Fifth Avenue, New York. 
7 


and Colleges. 


| 
Ih 
= 


Announcements of Scientific Books in Press 


JONES.—The Elements of Physical Chemistry. By Harry C. Jones, As- 
sociate Professor of Physical Chemistry in the Johns Hopkins University. Author 
of ** Electrolytic Dissociation.’’ Just Ready. Cloth, 8vo, $4.00 net ; postage, 23c. 


JACKSON.—Elementary Electricity and Magnetism, By D. C. Jackson, 
Professor of Electrical Engineering in the University of Wisconsin, and J. P. 
JAcKsON, Professor of Electrical Engineering in the State College, Pennsylvania. 

Illustrated. Cloth, 12mo, $1.40 met ; postage, 15c. 


TRAVERS.—An Experimental Study of Gases. An Account of the Experi- 
mental Methods involved in the Determination of the Properties of Gases, and of 
the more important Researches connected with the subject. By Morris W. 
TRAVERS, of University College, London. With a Preface by Professor WIL- 
LIAM RAMSAY, F.R.S., etc. _/ust Ready. Cloth, 8vo, $3.25 met ; postage, 18c. 


SLATE.—Physics: A Text-book for Secondary Schools. By FREDERICK 
SLATE, Professor of Physics in the University of California. 
Illustrated. Cloth, 12mo. 


RIDER.—Electric Traction. By J. H. Riper, A.M.I.C.E., M.1.E.E. 
Cloth, 12mo. 


The volume deals with the following subjects: Permanent Way. Overhead System. 
Conduit Systems. Surface Contact Systems. Accumulators. Motors. Controllers. 
Truck and Cars Generating Plants. Switchboards. Combined Lighting and 
Traction Stations. Electric Railways, Electric Haulage, etc. 


MACDONALD.—Electric Waves: Being an Adams Prize Essay in the 
University of Cambridge. By H. M. Macpona.p, M.A., F.R.S., Fellow of 
Clare College. 


MAYCOCK.—Electric Lighting and Power Distribution. Vol. II. By W. 
PERREN MaAycock, M.I.E.E. Well Illustrated. Cloth, 12mo. 


EDGECUMBE.—Whittaker’s Electrical Engineer’s Pocket Book. Edited 
by KENELM EDGECUMBE. 


SENNETT.—Horseless Road Locomotion: Its History and Modern De- 
velopment. By A. R. SENNeETT. 2 vols. Illustrated. Cloth, 8vo. 


BOTTONE.—Galvanic Batteries: Their Theory, Construction and Use. 
By S. R. Botrone, Author of ‘* The Dynamo,”’ ‘* A Guide to Electric Lighting,”’ 
etc. Illustrated. This latest volume by Mr. Bottone comprises Single Fluid, 
Double Fluid, Gas Batteries, Primary and Secondary Cells. Cloth, 12mo. 


THOMSON.—The Electrical Properties of Gases. By J. J. Tiomson, M.A., 
F.R.S., Professor of Experimental Physics in the University of Cambridge. 


SEND FOR OUR NEW ANNOUNCEMENT LIST FOR 1902 


Books published at NET prices are sold by booksellers everywhere at the advertised NET prices. 
When delivered from the publishers, carriage, either postage or expressage, is an extra charge. 


THE MACMILLAN COMPANY, New York: 66 Fifth Avenue 
BOSTON CHICAGO SAN FRANCISCO 


8 


New Books on Astronomy, etc. 
Among THE MACMILLAN COMPANY’S Publications 


By Sir ROBERT BALL, LL.D. 


The Elements of Astronomy 


By the author of * Star- 
land,” ‘‘ Atlas of Astron- 
omy,’’ ‘* The Story of the 
Sun,’’ ‘* The Theory of 
Screws,’’ etc., etc. 


By Sir ROBERT BALL, LL.D., Lowndean Professor 
of Astronomy and Geometry in the University of 
Cambridge, formerly Royal Astronomer of Ireland. 

Cloth, illustrated, 80 cents me/ ; postage 9 cts. 


By JOHN COUCH ADAMS 


Lectures on the Lunar Theory 
The Lectures of Prof. By JOHN COUCH ADAMS, M.A., F.R.S., late Lown- 


Ball’s predecessor, edited by dean Professor of Astronomy and Geometry in the 
R. A. SAMPSON, Uni- University of Cambridge. Cloth, 8vo, $1.25 met. 
versity of Durham. Postage 7 cts. 


By W. HASTIE, D.D. 


Kant’s Cosmogony 
Kant’s Essay on the Re- Edited and Translated by W. HASTIE, D.D., Professor 


tardation of the Rotation of of Divinity, University of Glasgow. With an In- 
the Earth and his Natural troduction and Appendices by and a portrait of 
History and Theory of the THOMAS WRIGHT, University of Durham, 

Heavens. Cloth, cr. 8vo, $1.90 mez ; postage 16 cts. 


By A. W. BICKERTON 


The Romance of the Heavens 


By A. W. BICKERTON, Professor of Chemistry, Canterbury College, Christchurch, 
New Zealand University, Author of ‘* The Romance of the Earth.’’ 
Cloth, 12mo, $1.25; postage 11 cts. 


By Sir NORMAN LOCKYER, K.C.B. 


Recent and Coming Eclipses 
Accounts of Observations By Sir NORMAN LOCKYER, K.C.B., F.R.S., author 


in India, 1898, with Condi- of ‘*The Sun’s Place in Nature,’’ etc. Second 
tions of Eclipses of 1900, Edition. lustrated, Cloth, 8vo, $2.00 net. 
gor and 1905. Postage 15 cts. 


Send for our Monthly bulletin on new publications. Address, 


THE MACMILLAN COMPANY, 66 Fifth Ave., New York 


9 


Standard Text-Books on General Physics 


CAJORI.—A History of Physics. In its Elementary Branches, including the Evo- 
lution of Physical Laboratories. By FLORIAN Cajori, Ph.D., Professor in Phys- 
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